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FOREWORD 
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Cell 0-4) of the Engine Test Facility (ETF) under ARO Project No. RNl001. The 
manuscript was submitted for publication on May 14, 1970. 
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Roy R. Croy, Jr. 
Colonel, USAF 
Director of Test 

ii 



AEDC-TR-70-166 

ABSTRACT 

Five firings of the Rocketdyne J-2S rocket engine were conducted in Rocket 
Development Test Cell (J-4) of the Engine Test Facility on July 17 and 29, 1969. These 
firings were accomplished during test periods J4-1001-04 and J4-1001-05 at pressure 
altitudes ranging from 85,000 to 101,000 ft at engine start. The primary objectives of 
these test periods were to (l)  determine if main-stage conditions which existed during 
sea-level testing of engine S/N J-113 would result in similar abnormal oxidizer dome 
vibrations in the 4400- to 4700-Hz frequency range during altitude testing of engine 
J-ll2-E, (2) evaluate high thrust idle-mode operation with a simulated full-face oxidizer 
flow injectc~ configuration, and (3) document effects of closing the thrust chamber 
bypass valve during high thrust idle-mode operation. Altitude testing did not result in 
abnormal (greater than 100 grms)  oxidizer dome vibration in the 4400. to 4700.Hz 
range during test period 04. The thrust chamber bypass valve closing resulted in a 65°F 
increase in fuel injection temperature; however, stabilized high thrust idle-mode operation 
was attained during test period 05. 

This document is subject to special e.xport controls and 
each transmittal to foreign governments or foreign 
nationals may be made only with prior approval of 
NASA, Marshall Space Flight Center (PM.EJ), Huntsville, 
Alabama 35812. 
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SECTION I 
INTRODUCTION 

Testing of the Rocketdyne J-2S rocket engine using an S-IVB battleship stage has 
been in progress at AEDC since December 1968. Reported herein are the results of five 
firings of engine S/N J-112-1E conducted during test periods J4-1001-04 and J4-1001-05 
on July 17 and 29, 1969, respectively. The primary objectives'of these test periods were 
t6 (!) determine if main-stage conditions which existed during sea-level testing of engine 
S/N J-l13 would result in similar abnormal oxidizer dome vibrations in the 4400 ° to 
4700-Hz frequency range during altitude testing of engine S/N J-112-1E, (2) evaluate high 
thrust idle-mode operation with a simulated fun-face oxidizer flow injector configuration, 
and (3) document effects of the thrust chamber bypass valve closing during high thrust 
idle-mode operation. 

The firings reported herein were accomplished in Rocket Development Test Cell 
(J-4) (Figs. I and 2, Appendix I) of the Engine Test Facility (ETF) at pressure altitudes 
ranging from 85,000 to 101,000 ft (geometric pressure altitude, Z, Ref. l) at engine start 
signal. Data collected to accomplish the test objectives are presented herein. The results 
of the previous test period are presented in Ref. 2. 

SECTION II 
APPARATUS 

2.1 TEST ARTICLE 

The test article was a J-2S rocket engine (Fig. 3) designed and developed by 
Rocketdyne Division of North American Rockwell Corporation. The engin~ uses liquid 
oxygen and liquid hydrogen as propellants and is designed to operate either in idle mode 
at a nominal thrust of 5000 Ibf and mixture ratio of 2.5, or at main stage at any 
precalibrated thrust level between 230,000 and 265,000 Ibf at a mixture ratio of 5.5. The 
engine design is capable o~" transition from idle-mode to main-stage operation after a 
minimum of l-sec idle mode utilizing a solid-propellant turbine starter; from main stage 
the engine can either be shut down or make a transition back to idle-mode operation 
before shutdown. An S-IVB battleship stage was used to supply propellants to the engine. 
A schematic of the battleship stage is presented in Fig. 4. 

I 

Listings of major engine components and engine orifices for these test periods are 
presented in Tables I and lI, respectively (Appendix II). All engine modifications and 
component replacements performed during this report period are presented in Tables III 
and IV, respectively. 

Z1.1 J-2S Rocket Engine 

The J-2S rocket engine (Figs. 3 and 5, Refs. 3 and 4) features the following major 
components: 

I. Thrust Chamber-The tubular-walled, bell-shaped thrust chamber 
consists of an 18.6-in.-diam combustion chamber with a throat 
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diameter of 12.192 in., a characteristic length (L*) of 35.4, and a 
divergent nozzle with an expansion ratio of 39.62. Thrust chamber 
length (from the injector flange to the nozzle exit) is 108.6 in. 
Cooling is accomplished by the circulation of engine fuel flow 
downward from the fuel manifold through 180 tubes and then 
upward through 360 tubes to the injector and by film cooling inside 
the combustion chamber. 

Thrust Chamber Injector-The injector is a concentric-orificed 
(concentric fuel orifices around the oxidizer post orifices), 
porous-faced injector. Fuel and oxidizer injector orifice areas are 19.2 
and 5.9 sq in., respectively. The oxidizer portion is compartmented, 
the outer compartment supplying oxidizer during main stage only. 
The porous material forming the injector face allows approximately 
3.5 percent of main-stage fuel flow to transpiration cool the face of 
the injector. 

Augmented Spark Igniter-The augmentedspark igniter unit is 
mounted on the thrust chamber injector and supplies the initial 
energy source to ignite propellants in the main combustion chamber. 
The augmented spark igniter chamber is an integral part of the thrust 
chamber injector. Fuel and oxidizer are ignited in the combustion 
area by two spark plugs. 

Fuel Turbopump-The fuel turbopump is a one and one-half stage, 
centrifugal-flow unit, powered by a direct-drive, two-stage turbine. The 
pump is self-lubricated and nominally produces, at the 265,000-1bf 
tbrust-rated condition, a head rise of 60,300 ft of liquid hydrogen at 
a flow rate of 9750 gpm for a rotor speed of 29,800 rpm. 

Oxidizer Turbopump-The oxidizer turbopump is a single-stage, 
centrifugal-flow unit, powered bY a direct-drive, two-stage turbine. 
The pump is self-lubricated and nominally produces, at the 
265,000-1bf thrust rated condition, a head rise of 3250 ft of liquid 
oxygen at a flow rate of 3310 gpm for a rotor speed of 10,500 rpm. 

Propellant Utilization Valve-The motor-driven propellant utilization 
valve is a sleeve-type valve which is mounted on the oxidizer 
turbopump and bypasses liquid oxygen from the discharge to the inlet 
side of the pump to vary engine mixture ratio. 

Main-Oxidizer Valve-The main oxidizer valve is a pneumatically 
actua.ted, two-stage, butterfly-type valve located in the oxidizer 
high-pressure duct between the turbopump and the injector. The 
first-stage actuator positions the main oxidizer valve at a nominal 
12-deg position to obtain initial main-stage-phase operation; the 
second-stage actuator ramps the main oxidizer valve fully open to 
accelerate the engine to the main-stage operating level. 

2 
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. Main-Fuel Valve-The main fuel valve is a pneumatically actuated, 
butterfly-type valve located in the fuel high-pressure duct between the 
turbopump and the fuel manifold. 

9. Pneumatic Control Package-The pneumatic control package controls 
all pneumatically operated engine valves and purges. 

10. Electrical Control Assembly-The electrical control assembly provides 
the electrical logic required for proper sequencing of engine 
components during operation. The logic requires a minimum of l-sec 
idle-mode operation before transition to main stage. 

II. Flight Instrumentation Package-The instrumentation package contains 
sensors required to monitor critical engine parameters. The package 
provides environmental control for the sensors. 

12. Helium Tank-The helium tank has a volume of 4000 cu in. and 
provides a helium pressure supply to the engine pneumatic control 
system for three complete engine operational cycles. 

13. Thrust Chamber Bypass Valve-The thrust chamber bypass valve is a 
pneumatically operated, normally open, butterfly-type valve which 
allows fuel to bypass the thrust chamber body during idle-mode 
operation. 

14. Idle-Mode Valve-The idle-mode valve is a pneumatically operated, 
ball-type valve which supplies liquid oxygen to the idle-mode 
compartment of the thrust chamber injector during both idle-mode 
and main-stage operation. 

15. Hot Gas Tapoff Valve-The hot gas tapoff valve is a pneumatically 
operated, butterfly-type valve which provides on-off control of 
combustion chamber gases to drive the propellant turbopumps. 

16. Solid-Propellant Turbine Starter-The solid-propellant turbine starter 
provides the initial driving energy (transition to main stage) for the 
propellant turbopumps to prime the propellant feed systems and 
accelerate the turbopumps to 75 percent of the main-stage operating 
level. A three-start capability is provided. 

2.1.2 S-IVB Battleship Stage 

The S-IVB battleship stage, which is mechanically configured to simulate the 
S-IVB flightweight vehicle, is approximately 22 ft in diameter and 49 ft long and has a 
maximum propellant capacity of 43,000 Ibm of fiquid hydrogen and 194,000 Ibm of 
liquid oxygen. The propellant tanks, fuel above oxidizer, are separated by a common 
bulkhead. Propellant prevalves, in the low-pressure ducts (external to the tanks) 

3 
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interfacing the stage and engine, retain propellants in the stage until being admitted into 
the engine to the main propellant valves and serve as emergency engine shutoff valves. 
Vent and relief valve systems are provided for both propellant tanks. 

Pressurization of the fuel and oxidizer tanks was accomplished by facility systems 
using hydrogen and helium, respectively, as the pressurizing gases. The engine-supplied 
gaseous hydrogen and gaseous oxygen for fuel and oxidizer tank pressurization during 
flight were routed to the respective facility venting system. 

Z2 TEST CELL 

Rocket Development Test Ceil (J-4) Fig. 2, is a vertically oriented test unit 
designed for static testing of liquld-propeliant rocket engines and propulsion systems at 
pressure altitudes of 100,000 ft. The basic cell construction provides a 1.5-milfion-lbf 
thrust capacity. The cell consists of four major components: (1) test capsule, 48 .ft in 
diameter and 82 ft in height, situated at grade level and containing the test article; (2) 
spray chamber, 100 ft in diameter and 250 ft in depth, located directly beneath the test 
capsule to provide exhaust gas cooling and dehumidification; (3) coolant water, steam, 
nitrogen (gaseous and liquid), hydrogen (gaseous and liquid), liquid-oxygen, and 
gaseous-helium storage and delivery systems for operation of the cell and test article; and 
(4) control building, contair.lng test article controls, test cell controls, and data 
acquisition equipment. Exhaust machinery is connected with the spray chamber and 
maintains a minimum test cell pressure before and after the engine firing and exhausts 
the products of combustion from the engine firing. Before a firing, the facility steam 
ejector, in series with the exhaust machinery, provides a pressure altitude of 100,000 ft 
in the test capsule. A detailed description of the test cell is presented in Ref. 5. 

The battleship stage and the J-2S engine were oriented vertically downward on 
the centerline of the diffuser-steam ejector assembly. This assembly consisted of a 
diffuser duct (20 ft in diameter by 150 ft in length), a centerbody steam ejector within 
the diffuser duct, a diffuser insert (13.5 ft in diameter by 30 ft in length) at the inlet to 
the diffuser duct, and a gaseous-nitrogen annular ejector above the diffuser insert. The 
diffuser insert was provided for dynamic pressure recovery of the engine exhaust gases 
and-to maintain engine ambient pressure altitude (attained by the steam ejector) during 
the engine firing. The annular ejector was provided to suppress steam recirculation into 
the test capsule during steam ejector shutdown. The test cell was also equipped with (1) 

gaseous-nitrogen purge system for.continuously inerting the air in-leakage of the cell; 
(2) a gaseous-nitrogen repressurization system for raising test cell pressure, after engine 
cutoff, to a level equal to spray chamber pressure and for rapid emergency inerting of the 
capsule; and (3) a spray chamber fiquid-nitrogen supply and distribution manifold for 
initially inerting the spray chamber and exhaust ducting and for increasing the molecular 
weight of the hydrogen-rich exhaust products. 

?.3 INSTRUMENTATION 

Instrumentation systems were provided to measure engine, stage, and facility 
parameters. The engine instrumentation was comprised of (1) flight instrumentation for 
the measurement of critical engine parameters, and (2) facility instrumentation which was 

[ 
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provided to verify the flight instrumentation and to measure additional engine 
parameters. The flight instrumentation was provided and calibrated 6y the engine 
manufacturer; facility instrumentation was initially calibrated and periodically recalibrated 
at AEDC. Appendix III contains a list of all measured engine test parameters and the 
locations of selected sensing points. 

Pressure measurements were made using strain-gage and capacitance-type pressure 
transducers. Temperature measurements were made using resistance temperature 
transducers and thermocouples. Oxidizer and fuel turbopump shaft speeds were sensed by 
magnetic pickup. Fuel and oxidizer flow rates to the engine were measured by 
turbine-type flowmeters which are an integral part of the engine. Vibrations were 
measured~ by piezoelectric' accelerometers. Primary engine and stage valves were 
instrumented with linear potentiomcters and limit switches. 

The data acquisition systems were calibrated by (I)precision electrical shunt 
resistance substitution for the pressure transducers and resis~nce temperature transducer 
units; (2) voltage substitution for the thermocouples; (3) frequency substitution for shaft 
speeds and flowmeters; and (4) frequency-voltage substitution for accelerometers and 
capacitance-tyve pressure transducers. 

The types of data acquisition and recording systems used during this test period 
were (l)  a multiple-input digital data acquisition system scanning each parameter at 50 
samples per second and recording on magnetic tape; (2) singie-input, continuous-recording 
FM systems recording on magnetic tape; (3) photographically recording galvanometer 
oscillographs; (4) direct-miring, null-balance, potentiometer-type X-Y plotters and strip 
charts; and (5) optical data recorders. Applicable systems were calibrated before each test 
(atmospheric and altitude calibrations). Television cameras, in conjunction with video 
tape recorders, were used to provide visual coverage during an engine fLring, as well as for 
replay capability for immediate examination of unexpected events. 

2.4 C O N T R O L S  J 

Control of the J-2S engine, battleship stage, and test cell systems during the 
terminal countdown was provided from the test cell control room. A facility control logic 
network was provided to interconnect the engine control system, major stage systems, the 
engine safety cutoff system, the observer cutoff circuits, and the countdown sequencer. A 
schematic of the engine start control logic is presented in Fig. 6. The sequence of engine 
events for start and shutdown is presented in Fig. 7. The engine control system was 
modified for this series of tests to simulate a full-face oxidizer flow injector configuration 
and to aUow the transition to high thrust idle-mode operation without utilizing a 
solid-propellant turbine starter. 

This modification required the main oxidizer valve' be opened to its first-stage 
position during idle-mode operation by initiating main-stage start signal 1 sec after engine 
start signal and electrically preventing the hot gas tapoff valve from opening. High thrust 
idle mode was initiated by opening the hot gas tapoff valve. 
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SECTION III 
PROCEDURE 

Preoperational procedures were begun several hours before the test period. All 
consumable storage systems were replenished; and engine inspections, leak checks, and 
drying procedures were conducted. Propellant tank pressurants, engine pneumatic, and 
purge gas samples were taken to ensure that specification requirements were met. 
Chemical analysis of propellants was provided by the propellant suppliers. Facility 
sequence, engine sequence, and engine abort checks vTere conducted within a 24-hr time 
period before an engine firing to verify the proper sequence of events. Facility and engine' 
sequence checks consisted of verifying the timing of valves and events to be within 
specified limits; the abort checks consisted of electrically simulating engine malfunctions 
to verify the occurrence of an automatic engine cutoff signal. A final engine sequence 
check was conducted immediately preceding the test period. 

Oxidizer injector and thrust chamber jacket purges were initiated before 
evacuating the test cell. After completion of instrumentation calibrations at atmospheric 
conditions, the solid-propellant turbine starters were installed (test 04, only), the test cell 
was ev.acuated to approximately 0.5 psia with the exhaust machinery, and 
instrumentation calibrations at altitude conditions were conducted. Immediately before 
loading propellants on board the vehicle, the cell and exhaust-ducting atmosphere was 
inerted. At this same time, the cell nitrogen purge was initiated for the duration of the 
test period, except for engine main-stage and high thrust operation. The vehicle 
propellant tanks were then loaded, and the remainder of the terminal countdown was 
conducted. Temperature conditioning of the various engine components was accomplished 
as required', using the facility-supplied engine component conditioning system. Table V 
presents the engine purges and thermal conditioning operations during the terminal 
countdown and immediately following the engine firing. 

SECTION IV 
RESULTS AND DISCUSSION 

4.1 TEST SUMMARY 

Five firings of the Rocketdyne J-2S rocket engine were conducted during test 
periods J4-I001-04 and J4-1001-05 on July 17 and 29, 1969, respectively. Pressure 
altitude at engine start signal for these firings ranged from 85,000 to 101,000 ft. 

The objectives for test period 04 were to (1) determine if main-stage conditions 
which existed during sea-level testing of engine S/N J-113 would result in similar 
abnormal oxidizer dome vibrations in the range of 440,0 to 4700 Hz, (2) investigate 
oxidizer pump chilldown characteristics with an initially .warm pump (-100°F), and (3) 
obtain performance data with the injector from engine S/N J-l13. The primary objectives 
for test period 05 were to evaluate high thrust idle-mode operation with reduced oxidizer 
system resistance (simulating a full-face oxidizer flow, injector configuration) and 
document effect of the thrust chamber bypass valve closing during high thrust idle mode. 
A summary of significant test variables and results is presented on the following page. 

6 
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Firing J4-1001- 04A 04B 05A 05B 05C 

Fuel pump inlet pressure 33.6 32.9 33.2 40.3 33.1 
at engine start signal, psia 

Oxidizer pump inlet pressure 39.4 37.8 38.6 32.8 38.5 
at engine start signal, psia 

Main oxidizer valve f'u-st-stage 12.5 12.5 13.5 13.5 13.5 
position, deg 

Oxidizer idle-mode line Open Open 0.500 0.500 0.500 
crifice diameter, in. 

Stabilized main-stage Yes No * * * 
operation achieved 

Stabilized-high thrust ** ** No No No 
idle-mode operation 
achieved 

*Main-stage operation was not a requirement for this test. 
**High thrust idle-mode operation was not a requirement for this test. 

Test requirements and specific test results are summar:zed in Table VI. Start and 
shutdown transient operating times for selected engine valves are presented in Table VII. 
Figure 8 shows the engine start conditions for the propellant pump inlets and the helium 
tank. Engine ambient and combustion chamber pressures, thrust chamber and fuel 
injector chiUdown behavior, engine propellant flow rates and mixture ratios, propellant 
feed system performance, and turbine system temperatures are presented in Figs. 9 
through 34, Also presented in these figures are the solid-propellant turbine starter 
chamber pressures for the. applicable firings. 

Data presented in the subsequent sections are from the digital data acquisition 
system, except where indicated otherwise. Propellant flow rates are based on pump 
discharge temperatures and pressures and on engine flowmeter calibration constants 
supplied by the engine manufacturer (5.50 and 2.00 cycles/gal for the oxidizer and fuel 
fiowmeters, respectively). 

4.2 TEST RESULTS 

4.2.1 Firing J4-1001-04A 

The objectives of this f'wing were to determine if main-stage conditions which 
existed during sea level testing of engine S/N J- l l3  would result in similar abnormal 
oxidizer dome vibrations (above 100 g rms) in the 4400- to 4700-Hz frequency range 
during altitude testing of engine J-ll2-1E and to obtain performance data with the 
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injector assembly from engine S/N J-l13. Main-stage operation was successfully 
accomplished over the full range of propellant utilization valve positions. Performance 
data were obtained and are presented in Section 4.3. Oxidizier dome vibration data were 
recorded and analyzed. Abnormal vibrations (above 100 g rms) in the 4400- to 4700-Hz 
frequency range were not observed at the oxidizer dome. A further discussion of this test 
objective is presented in Section 4.3. 

4.2.2 Firing J4-1001-O4B 

The objective of this firing was to investigate oxidizer pump chilldown 
characteristics during idle-mode operation with an initially warm pump bearing coolant 
cavity temperature of -107°F. Both the fuel and oxidizer pumps were warm at t-0 - 10 
sec; the fuel pump balance piston sump temperature was -132°F at this time. The stage 
prevalves were opened at t -0-5 sec. Figure 35 shows the temperature behavior of the 
fluid inside the oxidizer pump bearing coolant cavity throughout the f'n-ing. After 
approximately 36.4 sec of low thrust idle-mode operation, liquid conditions were present 
in the bearing coolant cavity. This f'n-ing was terminated prematurely after 1.5 sec of 
main-stage operation by the automatic vibration safety cutoff system, precluding further 
oxidizer pump evaluation on this firing (Ref. Section 4.4). 

4.2.3 Firing J4-1001-05A 

The objectives of this firing were to evaluate high thrust idle-mode operation with 
(1) reduced oxidizer system resistance and (2) the thrust chamber bypass valve closing 
during high thrust idle-mode operation. The reduction of the oxidizer system resistance 
was accomplished by increasing the main oxidizer valve first-stage position from 
approximately 12.5 to 13.5 deg, which simulated a full-face oxidizer flow injector 
configuration. The f'wing was erroneously terminated after only 1.3 sec of high thrust 
idle-mode operation (t-0 + 4.5 sex) by an automatic monitor, because the indicated fuel 
turbine inlet: temperature monitored by the engine safety cutoff system exceeded the 
safety limit of 1200°F (Ref. Section 4.5). Firing duration was inst|fficient for evaluation 
of high thrust idle-mode operation. , 

4.2.4 Firing J4-1001-05B 

The objectives of this firing were the same as those of fh-ing 05A, except the low 
thrust idle-mode duration was increased to 7 sec. The targeted pump inlet pressures were 
changed from 33 to 40 psia for the fuel pump and from 40 to 33 psia for the oxidizer 
pump. Both the increased low thrust idle-mode duration and the altered pump inlet 
pressures were utilized as an attempt to reduce the abnormally high temperatures 
obtained during firing 05A at the fuel turbine inlet and the hot gas tapoff manifold (Ref. 
Section 4.5). 

Stabilized high thrust idle-mode operation was not attained during this firing, as 
may be noted in Fig. 25. The effects of closing the thrust chamber bypass valve during 
high thrust idle-mode operation could not be satisfactorily evaluated since stabilized high 
thrust idle-mode operation was not attained. Throughout high thrust idle mode, 
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significant vibration was detected at the oxidizer pump inlet duct (Ref. Section 4.6). A 
further discussion of high thrust idle-mode operation on this f'wing is presented in Section 
4.5. 

4.Z5 Firing J4-1001-05C 

The objectives of this fh'ing were the same as those of firing 05A, except the low 
thrust idle-mode duration was extended to 7 sec. The effects of the extended low thrust 
idle-mode duration on hot gas tapoff manifold and fuel turbine inlet temperatures during 
the transition into high thrust idle mode are discussed in Section 4.5. 

Steady-state high thrust idle-mode operation was not attained during this firing 
(Fig. 30); therefore, the effects of closing the thrust chamber bypass valve, during high 
thrust idle-mode operation could not be satisfactorily evaluated. A discussion of engine 
operation during high thrust idle mode is presented in Section 4.5. Throughout high 
thrust idle mode, significant vibration was detected at the oxidizer pump inlet duct (Ref. 
Section 4.6). 

4.3 ENGINE VIBRATION, FIRING 04A 

Abnormally high vibration levels were observed on engine S/N J-l13 by the 
engine manufacturer during main-stage testing at sea-level condition.~ Vibrations with 
amplitudes to 140 g rms over the 4400- to 4700-Hz frequency range were recorded at the 
oxidizer dome. The amplitudes varied with propellant utilization valve position, the 
highest with the valve open, and the lowest with it closed. The injector was thought to 
be the source of this vibration. 

Firing 04A was conducted to determine ff similar abnormal oxidizer dome 
vibrations would be encountered during main-stage testing of engine S/N J-II2-1E, 
utilizing the injector assembly from engine S/N J-113, at simulated altitude conditions, 
The effect of propellant utilization valve position was examined according to the 
following schedule: 

Time from Engine Start 
Signal, sec 

Propellant Utilization 
Valve Position 

0 to 6.4 Null 
6.4 to ! 1.0 Closed 

11.0 to 20.8 Null 
20.8 to 34.2 Open 

Power spectral density data (method of analysis, Appendix IV) Fig. 36, were 
reduced from oxidizer dome accelerometer, UTCD-4. Three 3-sec time periods, beginning 
at 7, 17, and 29 sec after engine start signal, were chosen for vibration data reduction to 
correspond with operation at the closed, null, and open propellant utilization valve 
positions, respectively. Vibration data were continuously recorded during main-stage 
operation. 
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Additional oxidizer dome vibration data were obtained and reduced from 
accelerometers UTCD-I and UTCD-3. However, the outputs of these two accelerometers 
were conditioned in the engine vibration safety cutoff system (VSCS) which was shown, 
Fig. 37, to have a particularly degrading effect on accelerometer signal amplitude above 
1000 Hz. Note in Fig. 37 that accelerometer UTCD-4 (which was not conditioned within 
the VSCS) produced an attenuation influence considerably different than either UTCD-I 
or UTCD-3 in the 800- to 7000-Hz frequency range. 

Although the abnormal 4400- to 4700-Hz vibration experienced at sea level was 
not encountered during firing 04A, a predominant frequency at each propellant 
utilization valve position was observed. Vibration amplitudes were small, less than 100 g 
rms. The basic engine performance associated with each propellant utilization valve 
position and observed engine vibration frequency are tabulated below.. Performance data 
were calculated as shown in Appendix Y. 

Propellant utilization valve Closed Null Open 
position 

Predominant oxidizer dome 
vibration frequency, Hz 

5900 5400 5400 

Engine thrust, vacuum 
corrected, lbf 

262~00 236,000 214,000 

Engine mixture ratio, O/F 5.25 4.75 4.35 

Engine total propellant 
flow rate, lbm/sec 

606 541 488 

Engine specific impulse, 
vacuum corrected, lbf-sec/lbm 

432 436 437 

Characteristic velocity, 7670 7800 7870 
ft/sec 

The influence of the propellant utiliT.ation valve on oxidizer dome vibration was 
apparently insignificant. Although the predominant vibration frequency at the closed 
position was about 500 Hz higher than at the other two positions, the engine had not 
achieved steady-state operation at this time; the engine was operating steady state at the 
other two valve positions. 

4.4 ABNORMAL TRANSITION TO MAIN STAGE DURING FIRING 04B 

Firing 04B was programmed for 7.5 sec of main-stage operation; however, the 
f'Lring was terminated prematurely after 1.47 sec of main-stage operation by the 
automatic vibration safety cutoff system. The cutoff limits were set for 70 msec of 150 g 
rms continuous vibration. A total of 340 msec of sporadic engine vibration in excess of 
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150 grms was recorded, 110 msec of which occurred before the cutoff signal. From Fig. 
38, it may be noted that the engine experienced an abnormal transition to main-stage 
operation. Combustion chamber pressure increased about 16 psi approximately 337 msec 
after the main-stage start signal. Also, at this time, there were temperature increases at 
the oxidizer and fuel injectors. The injection pressures increased, on the average, about 
30 psi. There was no apparent damage to the engine. 

4.5 HIGH THRUST IDLE MODE 

Fking 05A was terminated prematurely after 1.3 sec of high thrust idle-mode 
operation. This resulted because of an erroneous indication that the fuel turbine inlet 
temperature, monitored by the engine safety cutoff system (ESCS) exceeded the 
established safe limit of 1200°F. Histories of the tapoff manifold and fuel turbine inlet 
temperatures during the transition to high thrust idle mode are shown in Fig. 24. (The 
turbine inlet temperature sensor shown in Fig. 24 is not monitored by the ESCS.)Peak 
temperatures recorded at engine cutoff signal were 1027 and 691°F for the hot gas 
tapoff manifold and fuel turbine inlet temperatures, respectively. 

The low thrust idle-mode duration was increased from 3 to 7 sec for f'trings 05B 
and 05C. This allowed the propellant feed systems to chill sufficiently to reduce the 
transient chamber mixture ratios. The resulting peak hot gas tapoff manifold and fuel 
turbine inlet temperatures during transition to high thrust idle mode were 575 and 
430°F, respectively, for firing 05B (Fig. 29), and 799 and 4950F, respectively, for f'~ng 
05C (Fig. 34). 

A decay in high thrust idle-mode performance during previous J-2S engine testing 
at AEDC (Refs. 6 and 7) has been attributed to icing in either the fuel or oxidizer 
turbine. The presence of turbine icing was detected on previous tests by noting a decrease 
in pump speed, accompanied by an increase in turbine internal resistance. 

Although transition ~vas smooth, firing 05B did not achieve steady-state, high 
thrust, idle-mode operation. Firing J4-1902-16A (Ref. 2), which was a successful high 
thrust idle-mode fh-ing, also had steady turbine pressure drop and speed during high 
thrust idle-mode operation. During f'tring 05B the turbine pressure drop and speed were 
relatively steady for both the oxidizer and fuel turbines with no apparent decay in 
performance after the initial 6 sec of high thrust idle-mode operation (Fig. 39). The fuel 
turbine speed gradually increased to approximately 15,600 rpm at engine cutoff signal. 
The oxidizer turbine exhibited a similar trend. Indicated turbine inlet and outlet 
temperatures were too warm for the formation of ice inside the fuel turbine after high 
thrust idle-mode initiation. However, the indicated oxidizer turbine outlet temperature 
was below 32°F during low thrust idle mode and for 3 sec after high thrust idle-mode 
initiation. The temperature increased to about 50°F 4 sec after initiatibn and then 
decreased to a low of about 35°F between 7 and 9 sec after high thrust idle-mode 
initiation, tThe temperature then continued to increase until engine cutoff signal at which 
time it was indicating approximately 85°F. Therefore, there is no indication of icing in 
either the oxidizer or fuel turbine. 

11 
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Closing the fuel bypass valve during high thrust idle-mode operation, t-0 + 22.5 
sec, resulted in a 65°F increase in fuel injection temperature (Fig. 26). Closing of fuel 
bypass valve coincided with the beginning of a steady increase in chamber pressure and 
propellant feed system pressures. 

Firing 05C experienced severe performance degradation during high thrust 
idie-mode operation. After high thrust idle-mode initiation, and until about t-O + 28 sec, 
there was a significant reduction in chamber pressure (Fig. 30), the propellant feed 
system pressures, and the pump speeds. Transition to high thrust idle mode was smooth 
and stable. Comparison of turbine performance with fn~-lg J4-1902-15C (Ref. 6), which is 
considered to have experienced oxidizer turbine icing, revealed that speed and pressure 
drop across the turbine were both decreasing (Fig. 40) during high thrust idle mode until 
about t-0 + 28 sec. This tended to discount turbine icing as the problem, for the internal 
resistance was decreasing as the turbine speed decreased. However, the oxidizer turbine 
back pressure (POTO, Fig. 40) was increasing as the other pressures were decreasing. This 
indicates that a flow restriction, possibly icing, existed downstream of the oxidizer 
turbine. At about t-O + 28 sec, abnormal engine vibration, as measured by the engine 
vibration safety cutoff system, was recorded for about 1 I0 msec, which exceeded 150 g 
rms. Also, at this time, chamber pressure, the propellant feed system pressures, and the 
turbine speeds began increasing. Stabilized engine operation appeared to have existed 
from t-0 + 30 sec until engine cutoff signal. The fuel bypass valve was initiated closed at 
t-O + 22.5 sec, which resulted in an increase in fuel injection temperature of 65°F. 
Excessive engine ambient pressure and temperature during the f'~ing prevented meaningful 
evaluation of engine performance. 

4.6 OXIDIZER PUMP INLET VIBRATION 

Throughout high thrust idle-mode operation of firings 05B and 05C, unusual 
vibration was detected atlthe oxidizer pump inlet duct with a frequency of approximatel~ 
16 Hz, the natural frequency of the duct. Vibration of the pump inlet bellows along its 
longitudinal axis was dearly evident in motion pictures of firing 05B, and exhibited an 
amplitude of approximately + 1 in. The vibration'was also reflected in chamber pressure 
and most of the oxidizer system pressures, particularly oxidizer pump inlet pressure. It is 
suspected that the vibration was flow induced, possibly associated with inlet 
"pre-rotation" previously noted when operating the engine in high thrust idle mode (Ref. 
7). 

4.7 INJECTOR SEAL FAILURE 

Following test period J4-1001-05, the injector assembly was removed from the 
engine for installation of the full-face oxidizer flow injector scheduled for testing during 
test period J4-1001-06. It was discovered that the injector stainless steel ring seal (P/N 
18781-9-7) had failed. The location of the seal in relation to the injector assembly may 
be seen in Fig. 5d, and photographs of the seal are shown in Fig. 41. It is not known 
when the seal failed or the effect of this failure on engine operation. However, if the 
failure point on the seal were located within close proximity to a hot gas tapoff port, 
raw fuel could have entered the tapoff manifold during engine operation. 

12 
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SECTION V 
SUMMARY OF RESULTS 

The results of the five fh-ings of the J-2S rocket engine S/N J-112-1E during test 
periods J4-1001-04 and 05 are summarized as follow: 

I. Main-stage operation of engine S/N J-l12, utilizing the injector 
assembly from engine S/N J-113, exhibited no abnormal (above 100 g 
rms) oxidizer dome vibrations. Predominant frequencies in the range 
of 5400 to 5900 Hz were recorded; propellant utilization valve 
position had an insignificant effect on the vibration level. 

. Forty seconds of low thrust idle-mode operation during f'mng 04B 
was found to be sufficient for producing liquid temperature 
throughout the oxidizer pump with an initial temperature inside the 
pump of -107 °F. 

. Abnormal chamber pressure increases were recorded during transition 
to main stage of f'n~ng 04B, resulting in a premature engine cutoff by 
the vibration safety cutoff system. ,' 

. Stabilized high thrust idle mode on two firings within this series was 
not attained; idie-mode operation conditions inside the fuel and 
oxidizer turbines did not indicate the presence of icing. 

. Throughout high thrust idle-mode operation of firings 05B and 05C, 
the oxidizer pump inlet bellows vibrated along its longitudinal axis at 
a frequency of 16 Hz, with an amplitude of about +1 in. 
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Fig. 2 Test Cell J-4, Artist's Conception 

18 



UTILIZATION 
VALVE 

MAIN OXIDIZER 

VALVE FUEl 

~[~ 

lOLl[- 
MODE 
VALVE 

ELECTRICAL 
CONTROL 

PNEUMATIC 
CONTROL 
PACKAGE • 

SOLI0-PR, 
TURBINE 

TURBINE 
BYPASS DUCT 

~AIN FUEL 
VALVE 

BY PASS 
VALVE 

FUEL 
MBNIFOU 

C N A m N  

Fi~ 3 ~2S Engine General Arrangement 

) .  
m 
o 
? 
- t  
:0 

? 
d 
m Ul 



AEDC-TR-70-165 

V e n t  

P r e s s u r i z a t i o n  

G a s e o u s  Helium 
G a s e o u s  H y d r o g e n  
L i q u i d  H y d r o g e n  

~ 3  G a s e o u s  O x y g e n  
L i q u i d  O x y g e n  
C o m b u s t i o n  P r o d u c t s  • V a l v e ,  R e m o t e  C o n t r o l  
R u p t u r e  D i s k  

::0= O r i f i c e  
: ~  V a l v e ,  R e l i e f  

V e n t  V e n t  

V e n t  
t 
I Fill a n d  

D r a i n  

S t o r a g ,  P r o p e l l a n t  
U t i l i z a t i o n  
V a l v e ~  

O x i d i z e r  
TurboDum 

M a i n  L 
O x i d i z e r  

H e a t  E x c h a n g e r -  

O x i d i z e r  T a n k - -  
R e p r e s s u r i z a t t o n  
S y s t e m  ( V e n t e d  
t o  At ~ m o s p h e r e )  

O x i d i z e r  T u r b i n e  
B y p a s s  O r i f i c e - -  

I d l e - M o d e  
V a l v e  

P r e s s u r i z a t i o n  
P r e v a l v e  

- - F u e l  T a n k  
R e p r e s s u r t z a t t o n  
(V~ented t o  F l a r e  
S t a c k )  

S o l i d - P r o p e l l a n t  
T u r b i n e  S t a r t e r s  

T a p o f f  V a l v e  

~ B y p a s s  V a l v e  
~.Maln F u e l  V a l v e  

Fig. 4 S-IVB Batlduhip Stage/J-2S Engine Schematic 

20 



A E  D C - T R - 7 0 - 1 6 5  

Tapoff Manifold 

Thrust Chamber 
Bypass Manifold 

Exhaust 
Manifold 

" ' - - I  

. ~  - ° 

I !  . . . . . . . . . . . . . . .  

a m  

I • 

l .  t 
I , ! 

I 

Manifold 

a. Thrust Chamber 
Fig. 5 Engine Details 

21 



Tapoff Ports - 

3~ 
m 
(3 

:4 
.,n 

cp 
¢b 
Ol 

\ 

Hot Gas 
to Turbine 

b. Combustion Chamber 
Fig. 5 Continued 



ba 

Idle-Mode ' 
Oxidizer Inlet - /  

f 
I 

G 

I 

Idle-M~e 
Compartment 

c. Injector 
Fig. 5 Continued 

Main 
Oxidizer 
Inlet 

m 

(1 

? 
ol 



AEDC-TR-70-165 

njector Assembly 

Fuel 
Injector Seal 

poff Manifold 

..'..'/" 

:iF, ,: 

Film Coolant 
Manifold 

Bypass Manifold 

d. Injector to Chamber 
Fig. 5 Concluded 

24 



~,E DC-TR -70-166 

I~II? IHHliL 

JR'ate: Zdle,.amde tlme~" c [ z~s t t~  m 40.0 oeo ma /~Lc£ng 0411,, 

I 

~t 

Idlil IN'6~MIBIr |l l i lJaID 001,1lind IITAII51 

i ~:~: i i:}-:] 

m&wll-ST&O£ 
¢OIITIWL TRill 

a. Firings 04A and 04B 
Fig. 6 Engine Start Logic Schematic 

25 



A E D C - T R - 7 0 - 1 6 6  

JlO'te8 ,: 1 .  

I .  

I .  

8yamT memSL 

L. t 

I 
L % -~  

18lull 

5 to  t s p o f f  vuLl'm w u  UL"au.~d r a l l y  am Q I s  t i t  j J ~ i  
Id le-code t fLu~ N m t t a m  mug a .0  mm £~ ~I~I]qI O R  l u J  
1.0 It I~ I~LTLIqlI OI ~ 0~. 

bypaus8 w . l v o  ,gun a lONd  munml ly  d u r L q  h I D  th~I 
i d l o  nmJo, 

-I I-.,-'I 
II 

80LEROID I 

._j 

i 

I - - ' !  , . - - ,  I ~' J 

b, Firings 05A, 05B, and 05C 
Fi~ 6 Concluded 

26 



AEDC-TR-70-165 

Engine Start Signal 

Main Fuel Valve Opens 

Idle-Mode Oxidizer Valve Opens 

Main-Stage Start Signal 

Solid-Propellant Turbine Starter Fires 

Hot Gas Tapoff Valve Opens 

Main Oxidizer Valve Opens 

Thrust Chamber Bypass Valve Closes 

Main Stage 

r j 

Main Stage 

,%,'~ (First Position) ~ % ~ %  (Second 

%me,ro  
r"- Start, "7 ~-- 

Sec 

Position) 

[ I I 
] 2 3 4 

Timefrom Main-Stage Signal, sec - -~  

e. Start, Test Period 04 • 

Engine Cutoff Signal 
I die-Mode Valve CIoses 
Main Oxidizer Valve Closes 
Hot (;as Tapoff Valve Closes 
Thrust Chamber Bypass Valve Opens 
Main Fuel Valve Closes 
Helium Control Solenoid Deenergizes 

Fig. 7 

Eng]ne Cutoff 

l I I 
0 0.2 0.4 0.6, 

Time from Cutoff, sec 

b. Shutdown, Test Period 04 

Engine Start and Shutdown Sequence 

I 
0.8 1.0 

27 



AEDC-TR-70-1@5 

Engine Start Signal 

Main Fuel Valve Opens 

Idle-Mode (~idizer Valve Opens 

Main-Stage Start Signal 

Hot Gas Tapoff Valve Opens 

Main Oxidizer Valve opens 

Thrus~ Chamber Bypass Valve Closes 
(Facility Controlled) 

Low Thrust 
Idle Mode 

P 

(First Position) 

High Thrust Idle Mode 

 me,ro  
r "  Start, ~1 ~ 'Time from Tapoff Valve 0pening, sec 

SgC 

c. Start, Test Period 05 

Eng|ne Cuter 
Engine Cutoff Signal 
Idle-Mode Valve Closes 
Main Oxidizer Valve First Stage Closes 
Hot Gas Tapoff Valve Closes 
Thrust Chamber Bypass Valve Opens 
Main Fuel Valve Closes 
Helium Control Solenoid Deenergizes 

~ ' ~  

~ ~ ' ~  

I I I 
0.2 0.4 0.6 

Time from Cutoff, sec 
d. Shutdown, Test Period 05 

Fig. 7 Concluded 

I 
0.8 I.O 

30 

28 



AEDC-TR-70-185 

+I00 

0 

-I00 

-200 

-300 

-400 E" 

o FIRING 04A 
ix FIRING 04B 
[] FIRING 05A 

FIRING 05B 
FIR ING 05C A 

g- 

-414 

a_ -116  

I - -  
.h-; 

z -418 
, . . I  
l . IJ 

l.lt. 

-420 

-422 

-424 

F LONGER THAN I-SEC z 
IDLE MODE 

SAFE START ENVELOPES 

1-SEC 
IDLE MODE 

-426  I I I I I 
18 22 26 30 34 38 

FUEL INLET PRESSURE, PSIA 

I 
42 

a. Fuel Pump 
Fig. 8 Engine Start Conditions for Propellant Pump Inlets and Helium Tank 

29 



A E D C - T R - 7 0 - 1 6 5  

L L  
0 

+ 100~- 

-27( - 

I,,I,,l" 

-28( - 
I n  

ev ,  
I.zJ 
a _  

=E -284 - I,,,iJ 
I,-.,- 

...J 
Z 
- -  -288 - 
LLZ 

- 

-296 - 

-300 - 

22 

L 
2" 

A 

LONGER THAN 1-sEc 
IDLE MODE T . SAFE START 

/ IDLE MODE 

o FIRING 04A 
A FIRING 04B 
[] FIRING 05A 
~7 FIRING 05B 

FIRING 05C 

I I I I I 
26 30 34 38 42 

OXIDIZER INLET PRESSURE, PSIA 

b. Oxidizer Pump 
Fig. 8 Continued 

I 
46 

30 



AE DC-TR-70-165 

. 0  

e ~  

e ~  

e~ 

150 

100 

50 - -  

0 

-50 
1600 

o FIRING 04A 
zs FIRING 04B 
[] FIRING OPA 
~7 FIRING 05B 
~, FIRING 05C 

V 

0 
0 

2000 2400 2800 3200 3600 

PRESSURE, PS IA 

c. Helium Tank 
Fig. 8 Concluded 

31 
I 



CE 

c r  
C3 
r ~  

n- 
O- 

n -  
W 

1 -  

2000 

1500 

I000 

500 

0 

CE 

I&. 

t '~ 

LIJ 
r t "  
n 

J 
- J  

2.0 
i 

1.5 

1.0 

~n 0.5 .... 
i,i 

0.0 
-lO 

I 

J 
_ £  

__J 
/ 

\ 

r M A I  
f 

ENG I NE 
CUTOFF 
S IGNAL=' 

I~-STAGE INITIATION" 

f ~ L 
f \ 

. /  
F" 

rCOMBUSTION CHAMBER 
PRESSURE, PC-1P 

i i 
l -  ENG I NE AMB I 

I PA-3I l 

- "~== ~f..-- L 

J 

0 l 0 20 30 

' I 

.I I 
I 

~4 

II 
II. 

I 

II 

I II, 
III 

ENT PRESSURE, III 
II1 

... IU_ 

...11. 

i 

\ 

w 

40 

m 

0 

.i 

? 
d 

01 

T IHE. $EC 

Fig. 9 Engine Ambient and Combustion Chamber Pressures, Firing 04A 



LL. 

o 

taJ 
f r -  

O:  
r r -  
LLJ 
O_ 

LLI 

lO0 

0 

-100 

-200 

-300 

-qO0 

-500 

. INJECTION 
PERATURE, TFJ-2P 

I I I I 
MAIN-STAGE 
INITIATION- 

ENG I NE 
CUTOFF S I 

I l I I I ' ' ' I 

THRUST CHAMBER THROATI 
TEMPERATURE, TTCT-T1 ! 

NOTE: ALL TEMPERATURES BELOW -425°F---~ 
ARE CONSIDERED INVALID. / 

THRUST CHAMBER EXIT 
TEMPERATURE, TTCT-EI 

- 10 0 I 0 20 30 qO 

TIME. 5EC 

Fig. 10 Thrust Chamber Chil ldown arid Fuel Injection Temperature, Firing 04A 

) ,  
111 
a 
¢,) 

:.i ..m, 

.o 
d 

¢ID 
01 



0 
m 

X 
m 

Z 
m 

Z 
L ~  

_ 

_ 

1 

3 -  

2 -  

_ 

O .  

7111 

W 
650 

. = J  

6OO 

. .J  
, . , -  550 
I.-. 

. . J  
taJ o.. 500 
0 e~ 

 450 

400 
0 

I o 

INE MIXTURE RATIO 

-F ,--TOTAL PROPELLANT FLOW RATE 

ENGINE 
CUTOFF --"-~ ~ .  S IGNAL-~I_ 

~ mmmmmmmmlmmmm ~ 

5 10 15 20 25 30 
TIME, SEC 

35 4O 

I111 " 
o 
o 

' I  

9 
OI 

Fig. 11 Total Propellant Flow Rate and Engine Mixture Ratio, Firing 04A 



q O 0 0  ' "  "' 

3000 SOLID-PROPELLANTTURB NE 
STARTER CHAMBER PRESSURE, PCSPTS-1 

. 2000 
W 

1000 
MA N-STAGE INITIAT ON 

/ 
/ 

h 

/ 
/ 

/ 
f 

_ 

-10 -5 0 5 

TIME. 5EC 

Fig. 12 Soli(~Propellant Turbine Starter Chamber Pressure, Firing 04A 

I0 m 

o 

.o. 



A E D C - T R - 7 0 - 1 6 6  

2000 

1600 

~ 1200 

BOO 

400 

0 

PRESSURE, PFPD-1P"-'~ 
_ _  

-!-~~--'COIViBUSTION CHUBIER/ : ~  

_ _ 

0 0 10 20 30 
TIME, SEC 

e. Fuel 

2000 

1600 
n "  

U") 
n 

• 1200 

0 I IZ R PUMP DISCHARGE ' 
I PRESSURE, POPD-2"-~ 

L ! ~ l  i ' 
ill I 

m ' I  

J ?¢ 
MA IN-STAGE 

400 INITIATION 

0 " 

-10 0 

I I I I I  
ENG INE 
CUTOFF SIGNAL ~'-, 

- -  i i i l  L 
I ~  I ~ J ~ J  . . . . . . . . .  

i ~ox,0,z~...,~c~',o~, t~ i-II I ~PRESSURE, POJ-2 I I I 
I J , , , ,  I i I ' I ' !! 

~-COMBUSTIONCHAMBER I I I I 
PRESSURE, PC-IP I I I I 

' I !  I l l l l l  I l l  

I i l i l l ] l r  
~i r i l l ,  It,~ 

10 20 30 
TIME. SEC 

b. Oxidizer 
Fig. 13 Propellant Feed System Performance, Firing 04A 

w 

qO 

I 

I 
i 

i 

i 

rio 

36 



2500 

I I 

I . ,L 
o 

@, 

I , I  
r r  
Z3 

CE 
132 
I , I  

13_ 

I , I  

2000 

1500 

1000 

500 

| 

0 
-10 

...J 

i 
I 

MAIN-STAGE 
INITIATION--", 

L;. ,~ 

ri, f 
; I I 

ENG INE 
CUTOFF S IGNAL- ---, 

I-- FUEL TURBINE INLET 
- TEMPERATURE, TFTI-3/ 

~ , f '  -~----,~ - ~ _ . .  __ 

r -HOT GAS TAPOFF MAN IFOLD- 
TEMPERATURE, TIM 

/ 
/ f 

t-OXIDIZER TURBINE INLET 
TEMPERATURE, TOTI-IP 

V 

0 ! 0 20 30 qO 

TIME. SEC 

Fig. 14 Turbine System Temperatures, Firing 04A 

m 
{3 
0 

.o 



A E  D C - T R - 7 0 - 1 6 5  

300 3 

r r  

( n  
O. 

r r  

I t )  
t n  
LiJ 
n -  
O.  

r r -  
bJ  
m 
] [  
( ¢  
3:  
( J  

200 

I00 

G: 

( n  
O_ 

,.; 2 
n -  

t n  
t n  
b J  f f -  

. J  
_J 

t n  
LiJ 
I - -  

0 
-10 0 10 20 30 q0 

TIH E. SEC 

Fi~ 15 Engine Ambient andCombus~onChamberPrmsurm, Firing04B 

100 

50 

0 

-I00 
o_ 

nm 

-~ -200 
p-- 
OC 
f f -  
L~J 
O- 
z -300 
I , -  

-400 

-500 
- ] 0  0 l0 20 30 40 

TIHE. SEC 

Fig. 16 Thrust ChamberChilldownand Fuel Injection Temper~um, Firing04B 

50 

38 



6-1  6 0  - 

_z 

,,.,.J 

. . I  

2- 

1- 

O- 

50 

40 

"" 3O 

:5 
20 

--, . I  

0 

I TOTAL PROPEL~NT FLOW RATE 

[- 

0 

I --ENGINE MIXTURE RATIO I I 

5 

m m R ~  

I .1 -' _ 

10 15 20 25 30 35 40 
TIME, SEC 

Fig. 17 Total Propellant Flow Rate and Engine Mixture Ratio, Firing 04B 

]> 
rn  

(3 

-n 

? 
. . t  
O~ 
01 



O:  

or) 
0. .  

D 

W 
nr" 

LO 

1.1.1 
n -  
O_ 

qO00 

3000 

2000 

1000 

ENG INE 
CUTOFF S IGNAL-- 

J // MAIN-STAGE INITIATION-"--'" 
• I I 

/ 

/ 

I 
,,-SOLID-PROPELLANT TURB INE 

STARTER CHAMBER 
--PRESSURE, PCSPTS-2 

m 
o 
n ,.q 

? 

f,n 

0 
30 

L 
35 qO q5 50 

TIME. 5EC 

Fig. 18 Solid-Propellant Turbine Starter Chamber Pressure, Firing 04B 



AEDC-TR-70-165  

I000 

800 
n- 

t~ 
(i_ 

,.; 600 
n- 

U% 
ILl 
n- 
~_ 400 

200 

0 
-I0 

lO00 

0 10 20 30 qO 

TIME. SEC 

a. Fuel 

50 

800 
GC 

0,. 

LJ' BOO 
n- 

U~ 
U~ 
bJ 
Iv- 
o_ 400 

200 

0 
-I0 0 10 20 30 qO 

T|HE. 5EC 

b. Oxidizer 
Fig. 19 Pmpellant Feed~/slem Pe~ormance, Firing04B 

50 

41 



2500 

2000 

1500 
LL. 

w 

1000 

500 

0 

FUEL TURB INE INLET 
TEM ;'ERATURE, "I'FT I-3" 

MAIN-STAGE INITIATION 

OXIDIZER TURBINE INLET- 
TEMPERATURE, TOTI-1P 

1 I I 

I I I I I I I I /~ 

TAPOFF MANIFOLD 
TEMPERATURE, TTM ---" 

-500 , , , , f i l l  
-10 0 10 

m i J i l ! l  

I 
I 
i"7 
i/ 
,11, 

--Hill 
t 

Ill I ~ENGINE 
CUTOFF 

11 LSIGNAL 

IJ 
I 

20 30 qO 50 

I l l  
0 (.~ 

, i  
: J  
? 
d 

@1 

TIME. SEC 

Fig. 20 Turbine System Temperatures, Firing 04B 



A E D C - T R - 7 0 - 1 6 §  

ur) 
O. 

~J % 
u "  
u ' ,  
I.l.J 
QC 
O.. 

CC 
tJ.I 
r ~  ,.j,- 
r'r" 
"1- 
r,.j 

40 2.0 

30 

20 

10 

t l -  4 

I .  5 COMBUSTION CHAMBER ~ j  
PRESSURE PC-2PL ~ - - , , ~  

I I I . FENG INE AMB lENT PRESSURE. PA'3 4 - - - -ENG INE 
" ] ] CUTOFF 
IJ.J 

HIGH THRUST IDLE- S IGNAL 
~- MODE INITIATION ~ ~  i 

0.5 , . 

0.0  
-lO -B -6 -q -2 0 2 4 6 8 

T 1'HE. SEC 

Fig. 21 Engine Ambient and Combustion Chamber Pressures, Firing 05A 

200 

100 f 
-FUEL INJECTION 

TEMPERATURE 1FJ-2P 

THRUST CHAM'BER THI~OAT 
TEMPERATURE, TTCT-T1--~ 

0 

": t 
_~ 0 L-THRUST CHAMBER EXIT I . - -  
r.I- 

TEMPERATURE, TrCT-E1 la.I 
Q._ 

iJJ 

-100 

J ~  

]0 

HIGH THRUST IDLE- =------ENG INE 
MODE INITIATION : CUTOFF 

I 

i SIGNAL 

J 

-200 
-]0 -8 -'6 -4 -2 0 2 q 6 8 lO 

TIME. SEC 

Fig. 22 Thrust Chamber Chilldown and Fuel Injection Temperature, Firing 05A 

43 



AEDC-TR-70-165 

iOO 

, ' r  

N 

U'~ 

"-_I 
r r  

u-, 

,.,.- 

O_ 

N 

U'I 
CI._ 

,.y- 

ur~ 
U'J 

'Ct_ 

83 

60 

qO 

20 

0 
-13 

100 

80 

S3 

t;O 

I 

HIGH THRUST IDLE- 
MODE INITIATION 

J I 
/--FUEL PUMP DISCHARGE 

PRESSURE, FFPD-1P 

FUEL INJECTIC)N 
PRESSURE, PFJ'IL--" 

, , 

COMBUSTION CHAMBER 
PRESSURE, PC-2PL ~ 

I I I 
-6 

IAAA/T, 
wVV~ 

! 

~ E N G  INE CUTOFF 
S IGNAL 

-8 -4 -2 0 2 q 

k, 
6 8 I0 

TIME. SEC 
a. Fuel 

20 

. . . .= , , . . - - . . . ._ . .  

3 
- 0  

F OXIDIZER PUMF DISCHARGE 
PRESSURE POPD-IL 

I I / -COMBUSTION CHAMBER 
- I I / PRESSURE. PC-2PL 

PRESSURE, POJ-2-~  . ____ , .~,. ~ I 
I I f ~  -ENG INE 

HIGH THRUST IDLE- I [ ] | J CUTOFF 
~ M~ODE( INIT ' A i I O ~ - ]  ~ ] Z ~ , ~  

-8 -B -q -2 0 2 q B 8 I0 

TIME. 5EC 
b. Oxidizer 

Fi~ 23 Propellant Feed System Performance, Firing 05A 

44 



i , i  
CE 

CE 

w 
nO,._ 

I.i.J 

1200 

1000 

800 

500 

400 

200 

0 

1 V - -  
TAPOFF MAN IFOLD 
TEMPERATURE, TTi~ 

- -  I 

HIGH THRUST IDLE- 
MODE INITIATION- 

FUEL TURB INE INLET 
TEMPERATURE, TFT I-3 

t I 
OXIDIZER TURBINE INLET 
TEMPERATURE, TOTI-1P-- 

_ t _t 

ENG I NE C UTOFF 
S IGNAL 

-10 -8 -6 -4 -2 0 2 q- 6 8 10 

Fig. 24 

TIME, SEC 
Turbine System Temperatures, Firing 05A 

I I1 

0 
0 
-W 
- n  
i 

,o 
d 
¢B 
0 1  



O. 

rr 

t~ 
t~ 
W 
rr 

n- 
W 

r 

400 

300 

200 

I00 

0 

C;: 

(,0 
O- 

O" 

O') 
O0 
b J  O" 

0.. 

,--J 
ILl 
0 

I--- 
LO 
LLJ 
I--- 

4 

3 

• 2 

0 
- I0  0 lO 20 30 

TIME, SEC 

40 50 60 

> 
I l l  
o 

:4 
- n  
:d 
? 
O~ 
O1 

Fi~ 25 Engine Ambient and Combustion Chamber Pressures, Firing 05B 



lO0 

0 

- ] 0 0  
I, 
0 

i* 

LL] 
.n- 
_-, -200 
(I 
n- 
LL2 
CL 

~- -300 
L~ 

-400 

-500 
- ] 0  0 I 0 20 30 40 

TIME. SEC 

Fig. 26 Thrust Chamber Chilldown and Fuel Injection Temperature, Firing 05B 

50 m 
o 
? 
-i 

? 
m 



6- 

. 

0 
m 

I.- 4- 

W 

I-- 
x 3 "  
m 

Z 

~ 2 -  
Z 

. 

3(11 

250 

. . J  

200 
F-TOTAL PROPELLANT FLOW RATE 

"-' 150 " ~ - 

! HIGH THRUST IDLE- C U T O F F ~  
50 ' / MODE IN ITIATION S IGNAL----P 

, , J  I 
| m ,  

0 5 10 15 20 25 30 35 " 
TIME, SEC 

Fig. 27 Total Propellant Flow Rate and Engine Mixture Ratio, Firing 05B 

40 

> 
I l l l  
o ? 
,-I 

',,4 
0 

O I  
0 1  



AEDC-TR-70-165 

I000 

8OO 
rr 

(I. 

600 
oc 

LN 
LO 
L~ 
oc qo0 (1. 

200 

0 
-lO 

1000 

800 

ac  

(1_ 

600 
oC 

o: qo0 

200 

0 

~- T 

| | | / FUEL I,NJECtION PressURE. PFJ-1 

7 I I--H-Vr-~ 7 t~ ~ ~ ~ ~  - 

0 lO 20 30 

1 
-L 

t 
I 

,--4- 

I 
" - ' 4  --4 ,--@ 

qo 

TIHE, SEC 

a. Fue l  

IIi11111 
l l l  l l l l l  

OXIDIZER PUMP DISCHARGE 
PRESSURE,, POPD-2--~. 

,i i i i i H  

I'1 
HIGH THRUST IDLE- 
MODE NITIATION- 

I 
I I ~ ~  -~ 
] I" 1 ~--0X,DiZER INJECTION. 

I I I I I I  PRESSURE, POJ-2 

~"r~-I-i--I--IENGI~ CUTOFF II 
V I I I I I ISlGNAL ~-; 
tTHRUST CHAMBER 

iT i°? Ti 
0 0 10 20 30 qo 

T]HE. SEC 

b. Oxidizer 
Fig. 28 Propellant Feed System Performance, Firing 05B 

] 

t 
.J  

5O 

5O 

4 9  



1200 

1000 

800 

600 

qO0 

200 

O m 

-I0 

--TAPOFF VIAN FOLD 
TEMPERATURE, TTM- 

i I! 
m 

i i i i i  
- l l l l l  
HIGH THRUST IDLE- 
V~ODE INITIATION-- 

T" FUEL TURBINE INLET 

ENG INE CUTOFF S IGNAL- 
I ~. I , , - 

i l l  ~ , i 
li i , I 
J I I I , 1 

OXIDIZER TURB NE INLET 
TEMPERATURE, TOTl-lP7 

J P ~  _ _  

i i l l l  
!_Brig! 
l l l l l  

] 

I 
I 

i 

0 10 20 30 qO 50 

> 
m 
0 
N 

? 
,..i, 
O'J 

TIME. 5EC 

Fig. 29 Turbine Sy$tmm Temperatures, Firing 05B 



CE 

or) 
0.. 

0C 

o'3 
l.iJ 
0C 
(I. 

0CZ 
LI.J 
00 

CIZ 
7- 
(..) 

Y00 

300 

200 

lO0 

0 

CE 

n" 
::D 
Of') 
Of) 

(IZ 

--J 
..J 
W 
(.J 

or) 
W 
I'-- 

Li 

3 

2 

0 
-I0 0 ! 0 20 30 40 

TIME. SEC 
Fig. 30 Engine Ambient and Combustion Chamber Pressures, Firing 05C 

50 BO 
m 
0 
0 

- i  

O 

m 



lO0 

0 

-I00 
LL 

w 

% -2oo 
I - - -  

. .  

n,.- 
w 

z -300  
I , I  

-q00 

-500 
-I0 0 I 0 20 30 qO 50 

m 

[3 
(3 

? 
01  

TIME. 5EC 
Fig. 31 Thrust Chamber Chilldown and Fuel Injection Temperature, Firing 05C 



~fl 

6- 3 0 0  

5- ~ 250 
,-', ENGINE 
. . J  

o CUTOFF 
~ 4- < e 2 ~  . . . .  - S I, GNAL-- - .  I 
'~ "" -TOTAL PROPELLANT FLOW RATE I L l  

b,- 3_ -'J x u.. 150 _ ~ "HIGH THRUST-- 
z I DLE-MODE 

I L l  

z ~ INITIATION-" 
~,2- ~ 1oo - - 

Z 

I ENGINE MIX'I:URE RATIO 1- ~ 50 

0 0 "" ' 
0 5 10 15 20 25 

TIME, SEC 
30 35 40 

Fig. 32 Total Propellant Flow Rate and Engine Mixture Ratio, Firing 05C 

> 
Il l 
0 ? 
,-4 
21 

ol  



A E D C - T R - 7 0 - t 6 5  

I000 

8OO 

600 

qo0 

200 

I000 

800 

,.,.; 600 
o C  
u ' )  

I J J  

o_ qO0 

200 

t ...... 
._~_ It 

I 
HIGH THRUST 

_ I DLE-MODE 
INITIATION- - 
I I 

-I ._11 
i 

: i 
i 
I 

O;i = =  
-IO 0 

0 

iL I I I I I  I l i  i 

l l l l l l l l l  
1 IE, O,,,,,~ C,.,','O~F ~,=,L-~---- 

t l l l l l l l l  
-FUEL PUMP DISCHARGE I I 
~,PRESSURE, PFPD-1P I I 
" I I I I I I I | I I 

[ I I I/-FUELINJECTION ! 
I I I I . . . .  lr PRESSURE, PFJ-I 

7 1 ~ A t  i i t t u_ 

I "ill I I~I i I" 
" I I I I I I f  I l I i 

-COMBUSTION CHAMBER! 
J PRESSURE, i PC-1P 

" I l l l l l  
10 20 30 

\ 

qo 

TIHE. 5EC 

a. Fuel 

-I0 0 

. . . . .  -OXIDIZER PUMP DISCHARGE 
- - -  Z PRESSURE, POPD-2 

i r-OXIDIZER INJECTION 
_ H PRESSURE POJ-Z _ /~ ~'~'~ 
~ ! . 
- ~ ~,~ 

t tCOMBUSTION CHAMBER 
- -  PRESSURE, PC-IP . 

_ ~ 
10 20 30 

ii 

--.---'ENG I NE 
-,,,, --  C U TOFF 

' SIGNA 
-,, ~-,-I ,,-J-- 

- 7  

--ti- 3.  
qO 

TIHE, SEC 

b. Oxidizer 
Fig. 33 Propellant Feed System Performance, Firing 05C 

50 

SO 

54 



TE
M

PE
R

A
TU

R
E,

 O
F 

TE
M

PE
R

A
TU

R
E.

 °
F 

..
. 

~
-.

 
I 

I%
1 

,E
 

0
1

 
00

 
I 

g 
OE

I 
(3

 
O

l 
(::

3 
~ 

E
) 

(:
3 

(3
 

(:~
 

E
) 

(:~
 

o 
o 

Q 
o 

.o
 

o 
o 

o 
o 

o 
o 

-n
 

~ 
i 

I 
T"

 
o 

_~
=P

./~
 

I 
I 

J 
I 

' 

,=
. 

i 
I 

i 
i I

 
--

-~
:G

~
-I

 
i 

~
=

--
--

' 
.

.
.

.
.

 
, 

",
- 

I,-
,,.

-, 
i 

I 
~,

~"
--

-"
 

--
P

'-
-I

N
--

]~
Ii

C
--

I 
I 

~
.-

t 
-I

, 
"n

 
- 

.~
-'

~
:~

m
 

I)
':

m
 

I 
I 

.-
~

O
_

L
 

• 

,--
, 

.. 
f.

 
~

-=
:-

 
I 

I 
~

,'
-'

-~
 

I 
,C

I._
 

I 
I 

\1
 

-"
 

_.
, 

._
, 

;;
t 

\ 
~ 

~ 
: 

;;
 

"~
 

I 
I 

II
 

" 
' 

~ 
~ 

" 
, 

-i 
~ 

i 
,-

, 
7.

 
i

.
7

 
~

 
! 

f'
~

" 
~

._
_~

 
I 

t, 
II 

-r
l 

~ 
,,

 
¢.

. 
i~

" 
~ 

~ 
• 

-'
i,

"-
- 

.--
 

I 

I~
; 

l 
I 

t 

U
l 

I 
U

'I 

),
 

ilr
l 

I:i
 

(1
 

? d ill
 

ill
 



40 

m 
O 
t~ 

.o 
d 

o~ 
m 

O~ 

- r -  

m 

t n  
Z L~ 

. . I  

O .  
t ~  

0 
O .  

t n  

30 

20 

10 

0 
10 

m n • n 7 i , m l  

100 1000 
FREQUENCY, HZ 

10, 0OO 

a. Thrust Chamber Dome Accelerometer (UTCD-4) Data with Closed Propellant Utilization Valve 
Fig. 36 Power Spectral Density, Firing 04A 



m'~ 
-mr'- 

m-.- 
m 

Z 

p -  
¢,,.,} 
E L I  

5O 

40 

30 

20 

10 

0 
10 

| 
Ira" l -----l m mmm m 

100 1000 
FREQUENCY, HZ 

i 1 

10, 000 

b. Thrust Chamber Dome Accelerometer (UTCD4) Data with Null Propellant Utilization Valve 
Fig. 36 Con~nued 

> 
m 
O 
O :4 
2~ 

.o 
OI 
O1 



oo 

N , , r  

m 

Z 
W 

O 
D-  

40 

30' 

20, 

10 

O k 

10 

I 

I 

r 
. . . .  i m . . . .  i m 

100 1000 
FREQUENCY, HZ 

L / 

10, 000 

m 
o ? 
-4 
=O 

G) 
Qt 

c. Thrust Chamber Dome AcceleromeWr (UTCD4) D m  ~ O~n Pro~llant UUliz~on Valve 
Fig. ~ C ~ d u l d  



1.0 

-1.0 

--" 

-3.1] 

-4. C 

-5. ( 

1 10 100 1000 
FREQUENCY, HZ 

Fig. 37 Accelerometer Output Gain versus Frequency 

10' 000 100, 000 

m 
0 ? 
-1 9. 

? 
ol  
01 



C~ 

ILl 
n"  

or% 
LO 
nr- 
( i -  

300 

200 

100 

0 
38 

MAIN-STAGE INITIATION 

. I 

COMBUSTION CHAMBER. r 
PRESSURE, P C - 1 P - ~ - ' ~  

J 
/ 

/ 

/ 
L,-,-" 

. . /  

j 
J 

\ 

"-- --ENGINE 
CUTOFF 
SIGNAL 

I I L 

39 qO 41 42 

)P 
I T I  

( . )  

-n  

.o 

. s  

0 1  

TIME, 5EC 
Fig. 38 Combustion Chamber Pressure, Firing 04B 



A E D C - T R - 7 0 - 1 6 5  

30 - 1.00 

( / 1  

m 

" - '  10- 

_ 

0.95 

I 1 °  

" " t l  

" '  I I 

°"°1 ~ 0 " 9 0 ~ l "  I_PRESSURE DROP ' PFT~;FTO 

~lJ ;--SPEED, NFP-2 

" '  O.  80 
Z 
i 

ev,, 

O. 75 • " 

o,;,f 
0 5 10 15 
TIME FROM HIGH THRUST IDLE-MODE INITIATION, SEC 

20 

e. Fuel Turbine Speed and Pressure Drop 
Fig. 39 Fuel and Oxidizer Turbine Performances, Firing 05B 

61 



t J  

500 

400 

F-FUEL TURB INE INLET 
,,~ /T_EMPERATURE, TFTI-3 

200 

I00 " " 

~-- FUEL TURB INE OUTLET 

0 
TEMPERATURE, TFTO 

. . . .  - . . . . . . .  I I  I 

0 5 10 15 20 25 30 

TIME FROM HIGH THRUST IDLE-MODE INITIATION, SEC 

b. Fuel Turbine Inlet and Outlet Temperatures 
Fig. 39 Continued 

m 
0 

o 

m 
oi 



A E D C - T  R - 7 0 - 1 6 5  

10- 

I 
o 

x 

=E Q .  

¢:~ 5' I JJ  
LLI  
Q .  

m 

I . - -  

0.70 

0.60' 

Z 

o .  

o." 
O 

LLI  

" S  
K t l  

LLZ 

O .  

L d  
Z 
m 

i-,- 

0.55 

0.50 

0.45 

0.40 

NOTE: FUEL TURB INE OUTLET PRESSURE 
WAS USED AS OXIDIZER TURBINE 
INLET PRESSURE, PINLET" 

F 
SPEED, NOP-2 

PFTO- POTO 
PFTO 

0.35' ' ' ' ' 
0 5 10 ]5 20 

TIME FROM HIGH THRUST IDLE-MODE INITIATION, SEC 

I | 

25 

c. Oxidizer Turbine Speed and Pressure Drop 
Fig. 39 Continued 

63 



200 

I . , I-  

160 

o 

2 ~ 120 

~ 8o 

r ' , .  ~ 
4 0  / ~ ~  " 

. - 1  
0 

-OXIDIZER TURBINE INLET j 
TEMPERATURE, TOT I-1P 

/ 

""~OXIDIZER TURBINE OUTLE1 
TEMPERATURE, TOTO-1P 

0 5 10 15 20 25 30 

TIME FROM HIGH THRUST IDLE-MODE INITIATION, SEC 

1> 
II1 
O ,o 
-4 

~J .o 
O!  
O1 

d. Oxidizer Turbine Inlet and Outlet Temperatures 
Fig. 39 Concluded 



A E D C - T R - ? 0 - 1 6 5  

X 

2 10. 

1.oo [ 1 
-TYP ICAL HIGH THRUST IDLE-MODE PRESSURE 

1 DROP WITH ICING IN OXIDIZER TURBINE, 
0.95 , J4-1902-15C I I I 

o . s o -  

, , TYP ICAL HIGH THRUST IDLE-MODE SPEED 
I I WITH ICING ,N OX,OIZER TURBINE, 

0.70 ' " 
0 5 10 15 20 

TIME FROM HIGH THRUST IDLE.MODE INITIATION, SEC 

25 

a. Fuel Turbine Speed and Pressure Drop 
Fig. 40 Fuel and Oxidizer Turbine Performance, Firing 05C 

65 



AE DC-TR-70-165 

500 

400 ." "t 
O 

,~ 3oo 
2 1 FUEL TURB INE INLET 

TEMPERATURE'I TFTI-3 I 

-° I A.IO- 
0 TEMPERATURE, TFTO 

0 5 10 1.5 20 2.5 

TIME FROM HIGH THRUST IDLE-MODE INITIATION, SEC 
b. Fuel Turbine Inlet and Outlet Temperatures 

Fill. 40 Continued 

66 



A E D C - T R - 7 0 - 1 6 5  

~p 
o 
x 

m 

Q¢ 

i,-- 

0"75 I 

0. 701. ,_f 

g 

N 
10- ~ 0.55 

i 

a ¢  

0.50 

0.45 
5 

O.4O ~ 1  

o -  [ 

TYP ICAL H IGH THRUST I DLE-MODE 
PRESSURE DROP WITH ICING IN 
OXIDIZER TURBINE, J4-1902-]5C 

NOTE: FUEL TURBINE OUTLET PRESSURE 
WAS USED AS OXIDIZER TURBINE 
INLET PRESSURE, PINLET" 

PRESSURE DROP, PFTO - POTO 
PFTO 

SPEED, NOP-2 

I 

0.35 

0.30 '- 
0 .5 20 25 

TYPICAL HIGH THRUST IDLE-MODE 
SPEED WITH ICING IN OXIDIZER 
TURB INE, J4-1902-15C 

L 
10 15 

TIME FROM HIGH THRUST IDLE-MODE INITIATION, SEC 

c. Oxidizer Turbine Speed and Pressure Drop 
F i g .  40 Continued 

6'7 



AEDC-TR-70-165 

IJ -  
O 

140 

120 

1011 

e ~  

I - -  

w 

80 

60 

40 

P 
f / 
f / 

o T" 
0 

",z 

OXIDIZER TURBINE INLET 
TEMPERATURE, TOTI-1P 

/ -  OXI D IZER TURB INE OUTLET 
TEMPERATURE, TOTO-1P --  

5 10 15 20 25 

TIME FROM HIGH THRUST IDLE-MODE INITIATION, SEC 

d. Oxidizer Turbine Inlet and Outlet Tempermrm 

m 

( / I  

u J" 
e~ 

laJ 
e,v, 

2O 
i 

10 

J 
J 

f ,f ; 

0 ' 5 10 15 20 25 30 

TIME FROM HIGH THRUST IDLE-MODE INITIATION,. SEC 

e. Oxidizer Turbine Outlet Pressure, POTO 
Fig. 40 Concluded 

68 



O~ 
~0 

a. View of Injector Seal 
Fig. 41 Injector Seal Photographs 

> 
i l i  
0 
c) 

:0 

?. 
, d  

¢b 
01 



": ~~L 

" i 

" ~,.~\.../ • "..~ -. 

.:i,-- . ":~. 

0 INCH ~ o  II 

11 " _ , . I . 
. . . .  L 

_ :~~.::i:~:. ::, . : : i .  ' "  . , . . :~ i~ :~ ! -~" '~ :~ -~ ;"  : ~ : . :  i " - ~ : ~ : ~  L,: i i i~.  :~-~..~ 

~ $ 2 ~ : ~ ; , . . ' ~  ~.~-~:: : : f ~  ~ - " ~  .,:.~" ~ - ~  ~f~:?i~:!~-:.:: "" .", -. ~ . . . . .  - : ~ : . ~  ~ . ~ . .  

Fig. 41 Conc luded  

115 

? 

01 



A E D C ~ 7 0 - 1 6 5  

TABLE I 
MAJOR ENGINE COMPONENTS 

(Effective Tests J4-1001-04 and J4-1001-05) 

Part Name 

Thrust chamber body assembly 
Thrust chamber injector assembly 
Augmented spark igniter assembly 
Ignition detector probe 1 
Ignition detector probe 2 
Fuel turbopump assembly 
Oxidizer turbopump assembly 
Main fuel valve 
Main oxidizer valve 
Idle mode valve 
Thrust chamber bypass valve 
IIot gas tapoff valve 
Propellant utilization valve 
Electrical control package 
Engine instrumentation package 
Pneumatic control package 
Restart control assembly 
EIelium tank assembly 
Oxidizer flowneter 
Fuel flowmeter 
Fuel inlet duct assembly 
Oxidizer inlet duct assembly 
Fuel pump discharge duct 
Oxidizer pump discharge duct 
Thrust chamber bypass duct 
Fuel turbine exhaust bypass duct 
Hot gas tapoff duct' 
Solid-propellant turbine 

starters manifold 
IIeat exchanger and oxidizer 

turbine exhaust duct 
-Crossover duct 

9 9 - 2 1 0 6 2 0  
XEOR-936648 
~ q 8 1 1 3 3 1 1 - 2 1  
3 2 4 3 - 2  
3243-1  
9 9 - 4 6 1 5 0 0 - 3 1  
9 9 - 4 6 0 4 3 0 - 2 1  
9 9 - 4 1 1 3 2 0 - X 3  
9 9 - 4 1 1 2 2 5 - X 4  
9 9 - 4 1 1 3 8 5  
9 9 - 4 1 1 1 8 0 - X 2  
9 9 = 5 5 7 8 2 4 - X 2  
9 9 - 2 5 1 4 5 5 - : : 5  
9 9 - 5 0 3 6 7 0  
99 -704641  
9 9 - 5 5 8 3 3 n  
99-503G~0 
NA5=260212-I 
251216 
251225 
409900-11 
400899 
99=411~82-7 
99-4110~2-5 
99-411079 
307879-11 
99-411080-51 

9 9 - 2 1 0 9 2 1 - 1 1  

307887 
307879-11 

s/N 

4094439 
4087384 
4901310  
016 
003X 
~ 0 0 4 - 1 A  
S003 -0A  
8900A81 
8900929 
8900867 
8900806 
8900A47 
3900911 
4098176 
4097437 
8900~17 
4097867 
0002 
4096~74 
4096875 
6631788 
4052289 
439 
439 
439 
2143580 
7239768 

7216433 

2142922 
2143580 
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TABLE II 
SUMMARY OF ENGINE ORIFICES 

O r i f i c e  Name 

Augmented  s p a r k  
i g n R e r  fuel  
supply  l ine  

Augmented  s p a r k  
i g n i t e r  oxidizer 
supply  l ine  

F i l m  coolant  flow 

T h r u s t  c h a m b e r  
b y p a s s  l ine 

O x i d i z e r  t u rb ine  
b y p a s s  nozz le  

Film coolant  
venturi 

O x i d i z e r  i d l e -  
mode l ine  

P a r t  

9 9 - 6 5 2 0 5 0  

99-406384 

9 9 - 2 1 0 9 2 4  

99-411-92 

D i a m e t e r ,  
in. 

0 .0999 

0.581 

1.500 

1 . 9 9 6  

1. 027 inlet  
0 .744  th roa t  

0.500 

• Tes t  
E f fec t iv i ty  

J4 -1902-05  

J4 -1902-05  

J 4 - 1 9 0 2 - 0 8  

J4 -1902-17  

J 4 - 1 9 0 2 - 0 5  

J 4 - 1 9 0 2 - 0 5  

J4 -1001-04  
J4 -1001-05  

Comments 

Open Line- 

EWR 121099 

EWR 121545 

C D =  0 .97  

Open l ine  
EWR 121625 
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AEDC-TR-70-165 

TABLE III 
ENGINE MODIFICATIONS 

(Between Tern J4-1001-04 and J4-1001-0§) 

Modification 
Number 

Completion 
Date 

Descr ipt ion of Modification 

Tes t  J4-1001-03 7/10/69 

EWR121609 I 7/1/69 1 
Test  J4-1001-04 7/17/69 

Removal  of oxidizer  idle-mode line orif ice 

EWR121625 

EWR121624 

7/22/69 

7/28/69 

Instal lat ion of 0. 500- in . -d i am oxidizer  
idle-mode line orif ice 

Main oxidizer  valve f i r s t - s t age  open 
posit ion changed to 13.5 dee 

Test  J4-1001-05 7/29/69 
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A E D C - T R - 7 0 - 1 6 5  

TABLE IV 
ENGINE COMPONENT REPLACEMENTS 

(Between Tests J4-1001-04 and J4-1001-05) 

Replacement Completion Component 
Date Replaced 

Test J4-1001-03 7/10/69 

6/26/69 I P /N  99-50367~ Electr ical  control assembly 
P iN 99-503670 
S/N 4096176 

P/ 99-503670-11 
S/N 4097588 

i 

Test J4-1001-04 7/17/69 

None 

Test J4-1001-05 7/29/69 
I 
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TABLE V 
ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE 

.u 

Purge 

O x i d i z e r  dome 
and i d l e - m o d e  
compartment  

T h r u s t  chamber 
J a c k e t ,  f i l m  
c o o l a n t ,  and 
turbopump p u r g e s  

SPTS conditioning 

Main f u e l  v a l v e  
c o n d i t i o n i n g  

Requirement 

i 

1 / , y  ,, ~'I .'7 ~ .~ 
N i t r o q e n ,  
600 ± 25 p s i a  15 min 

, 0 0  ~o = 0 0 ~  71111/'1/111//, '1///!////11/I, ~1/////, '////// a t  c u s t o l ~ r  
c o n n e c t  p a n e l  
(150 scfm) 

Helium. 
15 150 ± 25 p s i a  [ **)  (t l  min (** )  ( t )  15 min 50 t o  150°F a t  

customeroon- ~ / / / ~  ( ' )  ///,..'./4///,;"/'/'~'P''~7"/7 (') 
n e c t  p a n e l  / / / J £ ~ / ~  ~ / / 1 ~  
(125 scfm) 

Ni t rogen.  
-50 to  140°F 

Helium, -300°F 
t o  ambien t  

* E n g i n e - s u p p l i e d  l i q u i d - o x y g e n  p u p  i n t e r m e d i a t e  s e a l  c a v i t y  pu rge  
* tAnyt ime f a c i l i t y  w a t e r  i s  on 

t30  min b e f o r e  p r o p e l l a n t  d rop  
? T l n i t i a t e M F v  c o n d i t i o n i n g  30 min b e f o r e  e n g i n e  s t a r t  f o r  t h o s e  f i r i n g s  w i t h  t e m p e r a t u r e  r e q u i r e m e n t s  

m 

o 
? 

| 
~ J  
.o 
CO 
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T A B L E  VI 
SUMMARY OF TEST REQUIREMENTS AND RESULTS 

FIRING NUMBIDt 

F i r i n g  B u t s / T i m e  o f  Buy 

P r e s s u r e  A l t i t u d e  s t  t - O , ( R e f .  1) 
P r e - M s X n - g t s g e  Low T h l ~ n t  
l d l e - M o 4 e  D u r s t t o n !  s e n  * 

Hgg h  T h r u s t  I d l e - M o d e  B u r s t t o n ,  s e c *  

l l ~ g n - 8 t a K e  D u r s t l o n ,  once 

F u e l  Pump ]~n let  P r e s s u r e  s t  t - 0 ,  i = i s  

1 ~ e l  Pump Z n l e t  T e m p e r a t u r e  s t  t - O ,  *]r 

] ~ e l  Tank B u l k  T ~ s p e r & t a r n  s t  t - O ,  °¥ 

O x l d l z e r  Pump Z n l e t  P ressu re  a t  t - 0 ,  p a t s  

O 3 t d l s e r  Pump I n l e t  T o m p s r s t u r n  a t t - O , ' F  

OzLd L zn r  T s n k  B u l k  T e m p e r a t u r e  a t  t - O ,  "F 

F u e l  I n g e c t l o n  T e l p e r a t u r e  a t  t - O ,  "F 

I b . l n  F u e l  V&lve T e u p e r n t u r e  s t  t - O .  "F 

A u g u o n t e d  6 p a r k  I g n i t e r  
l a n l t [ o n  D e t e s t e d _  an~*  
P r o p e l l s n t  U t L l t s s t l o n  V s l v s  
P o a t t t o n  s t  t - O .  ( R s f .  t -O )  

Prsssurep lisLE 
H e l i u m  T i n k  C o n d l t ~ n ~ _ O ,  

T e m p e r a t u r e ,  *F 

P ~ r t  Number 

S e r i a l  Humber 

S o l t d  P r o p e l l s n t  T e n p e r s t u r e  s t  t - O ,  "F 

T u r b l n o  8 t s r t e r  B u r s  T i me ,  see 

I fnz lnmm Chmsber  
p r e u u r . 9  ~ ps.t.s 

*Da ta  r e d u c e d  f r o m  o s o l l l c ~ : a m  

J4-1OOI-O4A 

T&RGrF J A r~vlrllA L 

200 r 000 85,  O0O 

1 .0  ! . 6 2 1  

3 3 . 5  33.  tO3 

3 3 , 0  * 1 ,0  3 3 . 6  

. . . .  417 .7  

-433 .O I 0,4 - 4 3 2 . 1  

3 6 . 0  ± 1 .0  3 9 . 4  

. . . .  391 .4  

" 2 9 5 . 0  * 0,4 - 2 9 4 . 6  

- - -  69 

' - 100  - ~ 0  - 1 1 5  

- - -  0 .612  

H u l l  l fu11 

. . . .  392 

3450  .+2006 3319 

- - -  133 

9 9 8 0 3 5 3 7 - ]  I 

RTO00OO3 

50 • 10 32 

- - -  2 . 2 8 4  

- - -  3378 

• T4-1001-040 J4"-1001-0.~ a4-1ooz-os, J4-ZOO1-OSC 
' r A ~ r r  I ,c'ruA,. 'rANGrr J AeruA'. ~ ' , l~er I AC"~A,. ~A6Gn" I ACrUA, 

1oo, o0o 98 ,500  lO0 ,000  64,  o0o 10o, o00 96,  ooo 100,00o 101, o00 

40 .0  59 .742  3 .  o 3 .152  T..0 ?, 148 7 . 0  7 r 104 

. . . . . .  3 0 . o  I .  322 36. o 31 .960  3 0 . 0  19 .828  

7 . 5  2,473 . . . . . . . . . . . . . . . . .  " 

3 3 . 0  • 1 .0  32 .9  33 .0  ~ t . 0  3 5 . 2  40 .6  * 1 .0  40 .3  3 3 . 0  i 1 .0  3 5 . 1  

. . . .  $21.9  . . . .  417.8  . . . .  416 .5  . . . .  417 .8  

- 4 2 2 . 0 ±  0 . 4  - 4 3 2 . 2  . 4 3 2 . 0  ± 0 .4  - 4 3 3 . 8  - 4 2 2 . 0  ~ 0 . 4  - 4 3 2 . 8  "433.0  t 0 . 4  - 4 2 2 . 3  

39 .0  ~ 1 .0  37 .8  3 9 . 0  ~ 1 .0  3 8 . 6  3 3 . 0  * | , 6  3 2 . 8  39 .0  t 1 .0  3 8 , g  

. . . .  382.3 . . . .  391 .3  . . . .  391 .4  . . . .  392 .7  

- 2 9 5 , 0  ~ O~J - 2 9 5 , 3  - 2 9 5 . 0  t O~ " 2 9 5 . 3  ' 395 ,0  * 0 , 4  " 2 9 5 , 2  ' 29q .O * 0 .4  - 2 9 5 . 4  

- - -  96 . - - -  72 - - -  64 - - -  44 

- - -  107 - - -  98 - - -  89 - - -  54 

- - -  0 .456  - - -  0 .678  - - -  I .O28 - - -  O.615 

~ 1 1  I A I l l  1~121 H U l l  I f u l l  N U l l  H u l l  N u l l  

- 100 - 196 . . . .  267 . . . .  288 . . . .  986 

- - -  3636 3 4 ~  -+2~ 3271 - - -  3671 . . . .  3779 

" "  67 - - -  116 - - -  85 - - -  77 

99803627-11 . . . . . . . . . . . . . . . . . .  

RTO00004 . . . . . . . . . . . . . . . . . .  

gO t 10 73 . . . . . . . . . . . . . . . . . .  

- - -  2 .  286 . . . . . . . . . . . . . . . . . .  

. . . .  - - -  3657 . . . . . . . . . . . . . . . . . .  
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TABLE VII 
ENGINE VALVE TIMINGS 

--.I 

S ta r t  

T e s t  leirLug 
J 4 - 1 0 0 1 -  

04 

05 

~ e - M l a l s  Hot G u  Main  O a l d ~ e r  Valve  Main Ox[d i se r  Valve  T h r u s t  Chewnber 
Main  Fua l  Valve O~ id i s e r  Valve  Tape t t  Valve P i r s t  S tage  Recoud Stage Bypass  Valve  

T i m e  Valve  Valve  T i m e  Valve  Valve  T i m e  Valve Valvu Tl.-ne Valve  'Valve Tame Valve Valve TLme Valve Valve 
d Delay Opening  of Delay  OpeaLng of Delay Open in i  or Delay Opening  of D~lay Opening of D a l e -  C l o e i n l  

O p e n h ~  T i m e ,  T i m e .  Openin0 T i m e .  T h u s .  Opening T i m e ,  T i m e .  Openini~ Tame.  T i m e ,  Openln 8 T i m e ,  T u n a ,  C l o e l n i  T i m e ,  T i m e .  
S ignal  o r s  s e e  S igna l  s a c  s e e  S ~ n a l  s e e  s a c  Slauol  ace  s e e  Siffnal s ec  s e e  Sflpsal s e e  s e e  

A 0 0. 052 0 .061  0 0 .139  0. 042 1_ o21 0. 169 0 .089  I. 021 0 .086  0..I~$ 2 .016  0. 210 O. 834 2 .916  0 . 1 9 0  I. 090 
B 0 0.  049  0 .  033  0 0 T 114 O. 040  39,  742 0 . 1 6 9  0 .  090  99.  742 0_ 081 0.  030 . . . . . . . . . . . . . . . . . .  , 

~ .Fin.  ~.~f, 0 0.  049 0.081 0 O. i 14 0 .  042 1. 015 0 . 1 5 0  0 .  080  I v 015  0 .  092 0.  037  2 .0J  I 0 . 1 4 ' /  0_ '/O r, 2_ 011 0.  IRO 0.  000 

A 0 0. 048 0. 033 0 0.1 i 2 0. 043 0 3 w 153 0,092 !. 022 0. 093 O. 045 . . . . . . . . . . . . . . . . . .  
B 0 0,  050  0 .  053  0 O, i 1 '/ 0 . 0 4 1  0 '/. 148 0. 094 5. 330 0. 083 0.  045 . . . . . . . . .  0 23. 340 O. 990 

C 0 0! 050 01050 0 0, ! 20 0. 040 0 '/. 104 0. 089 4. 576 O. 085 O. 040 . . . . . . . . .  0 32. 290 O. 990 
g_-l~--.~..,n 0 0. 045 0. 085 0 0, 115 0, 043 0 3 .130  0. 091 l ,  031) 0, 079 0., , 043  . . . . . . . . .  0 I 8. 915 0, 820 

Shutdown 

Hot Gas  Id le -Mode  T h r u s t  C h a m b e r  
Main O x i d ~ e r  Valve T s p d f  Valve Main Fue l  Valve O x h h z c r  Valve  Bypass  Valve  T e s t  Fa r l t~  

,Y4-100i-  
T i m e  V~Lve Valve  T i m e  Valve Valve  T i m e  Valve Valve  T i m e  Valve  Valve T i m e  Valve  Valve 

d 'Delo~y a c e i n G  of Delay Qos in f f  of Delay C~.~lng or Delay C3.oBinR of Dalay  Opening 
r~ ce ing  T i m e .  Tame.  C los ing  Tame,  T i m e .  Cicero 9 T ime ,  Tame,  C lo s ing  T i m e .  T i m e ,  OpenisB T i m e .  Tams .  
SJ4slal s e c  s a c  b ~ n a l  a ec  s ec  Si0anl  s ec  s ee  Sf4pcel s ee  s a c  Sla~cel cec  s a c  

04 A 34.195 0.093 0.150 ~l~, 199 0.075 0.220 $4. iS.q 0_093 0 .312  34. 189 0.083 0.140 34.166 0 833 0.310 
U 41 .215  0. 041e 0 .0 3 6  ",~ 41 .91 ' ;  0 . 072  0 .239  41. 'J16 0 .077 0 .264  41 ,21  r" 0 .065  0. 122 . . . . . . . . .  

R . ~ T i ~ . e  10.475 0 .099  0 .146  10.47S 0 .078  0 .250  10.475 0 .083  0 .255  10. 475 0 .075  0 .108  10.475 0 . 2 9 8  0 .227  
05 A 4 .474  0. 040s  0 .0 9 7  e 4 . 474  0 .195  0 .229  4 ,474  0.071 0 .250  4 ,474  0 .070  0 .166  . . . . . . . . .  

B 39 T 108 0, 0440 0. 044a 39.108 0. 230 0. 350 39.109 0, 077 0,255 39.100 0_ 073 0.155 39.108 0, 347 0. 230 
C 38,022 O. 040e 0. 049+ 36. 922 0. 223 0. 250 36,922 0,071 0. 295 38. 922 0.066 0:158 26.922 0.360 0. 290 

g , . ~ , , , .  | 2 .  650 0. 0428 0.  035a 32 .600  0 . 2  I0 0.  238 32. 650 0. 070 0 .255  23 .650 0 .098  0. t I0 22 .850  0. 320 0. 220 

aMain  o x i d i ze r  va lve  f i r m  stJale only 

NOTES- ! .  Al l  vaLve s igna l  t i m e s  a r e  r e f e r e n c e d  to  t - 0 .  

3. Valve de lay  t i m e  4. the t i m e  roquWed fo r  i n i t i a l  va lve  movement  a f te r  the va lve open o r  closed solenoid ben been energized 

3. F ina l  sequence  check i s  cmidueted without  propal lant~  and withLn 12 h r  before  tosttn8.  

4.  Data  a r e  r educed  f ro m cecGlozra rn .  
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APPENDIX I I I  
INSTRUMENTATION 

The instrumentation for AEDC tests J4-1001-04 and J4-1001-05 is tabulated in Table 
III-1. The location of selected major engine instrumentation is shown in Fig. III-!. 
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~ - - A R E A  FIRE DETECTION 

T F D M O V A ,  
MAIN OXIOIZEH 

• ,.=,(~.,,'r I VALVE ---~ 
U T I L I Z A T I O N ~  I 

VALVE 

THERMOCOUPLES 

1 I 

VALVE 

TFDODA 
I 

F U E L  

INLET 

HELIUM 

FUEL TURGOPI, 

 i.-L 
INLET 
D u c t  

IDLE - 
MODE / 
V A L V [ ~  

ELECTRICAL 
CONTROL 
PACKAGE 

PNEUMATIC 
CONTROL 
PACKAGE I I 

T E C P - I P - -  
(NST-1 a ) / 

SOLID .pRoPELLANT 
TURBINE STARTER- 

- TPIP-IP- 

" FLIGHT - -  I 

INSTBU~ENTAT,OH 
" F D T D A  ,ACKA.E-----< 

- -  OXIOIZER 
TURBINE 

BYPASS DuCT TURBINE 
EXHAUST 

DUCT - -  JAIN FUEL 
VALVE 

THRUST 
I C H A N K H  EXHAUST 

i V  FAGS 
VALVE MANIFOLD" 

PFMI-L -~ 

TURIOPUMP 

- -  HI'AT 
EXCHANGER 

I TC T-TI &T2 

~THNUST 
CHAMIER 

a. General Arrangement 
Fig. II1-1 Selected Sensor Locations 
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m 
0 

=m 

.o 
CIb 
01 

Oo 
C3 

(PFI"4) 

PFTSC, 
(TGIO } 

0 

PFPBS 
(PF4) 

PFPRB 
(PFT) 

0 0  
@ 

PFPBC 
(PFS) 

~FPS 
(PF6) 

~FP-I 283  
(PFV) 

b. Fuel Turbopump Sensor Locations 
Fig. II1-1 Continued 
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QF-1&3 
(PFF) 

-TFPD-3 
-TFPD-4  

(PF3) 

PFCO 
PFCO-L (Cl 

(PFFA } 

m 

m 

TFPD-IP / 
TFPD- 2P "-" .__-- 

(PFTt|  
I rMFVS-2 

rMFV£-I 
LFVT 

LFBT 

v~, 

c. Fuel System Sensor Locations 
Fig. II1-1 Continued 
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? 
, ,J l ,  
CID OI 

PPUVO" 
[ P O e )  

PPUVI- 
( P O B )  

NOP-I,2 & 
( P O V )  

POPBC 
( P 0 7 )  

( P 0 2  ) 

"OPBC 
(pot4) 

(P06 )  

'OTI-IP 
(1"63) 

OTHP 
(TGI "3)  

d. Oxidizer Turbopump Sensor Locations 
Fig. II1-1 Continued 



O0 
¢.0 

-TMOVF 

P N O D P - 2 ~  LOVT 

~-...., 

-.--- - - T N O D P - 2  

. - - - - -  - -  QO- I & 3  
(POF)  

o o - .  
( P O F A )  

( P O T 3 )  

LIMT 

- -  POPD-I L 
(PO3)  

• Oxidizer System Sensor Locations 
Fig. II1-1 Continued 
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PTEM 
(TGS) 

0 

(TG4) 

(TGT4) 

TFTO 

f. Turbine Exhaust Systems Sensor Locations 
Fig. II1-1 Continued 
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AEDC-TR-?0-165  

P 
/ , .  

/ / %  
/ / /  

# . 

UTCD-3 
( F Z A 3 )  

(COTI)  

(FZA1) # 
/ 

# 

l 

h, 

(:103) 

(COSA) 

O 

t~ / 
/ 

% 

IL 0 

@ 

UTCD-4 

(FZA2) 

-POJ-3 
(C031S) 

) 

"D 

TPTU 
----PPTU 

g. Thrust Chamber Injector Sensor Locations 
Fig. II1-1 Continued 
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POJ-1 
(co3) 

PC-IP-~_ 
(col) 

TFJ-2P ----- 
(CFT2a). 

T F T I - 4 ~  
(GG2a) 

PTM 
PTM-L ~ 
(GG2b) 
TTM ~ - "  

( G GT 2 ) 

--C 
PFJ-1 
PEJ-1L 
(CF2)" 

.PC-2P 
"PC-2PL 
(CGIA-I) 

PFBM 
(CF3) 

------ UTCT-2 

TFJ-1P 
(CFT2) 

@@ 

O 

UTCT-I 

h. Thrust Chamber Sensor Locations 
Fig. II1-1 Continued 
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@ 
@ 

PHEA, 
"(NN-3 ) @ 

PHRO-IP 
(NN2} 

i. Pneumatic Control Package Sensor Locations 
Fig. II1-1 Continued 

8? 



AEDC-TR-70-16§ 

CNNT 1) 

PHET-IP- 
(NNt-1) 

PHET-2P 
(NN1-3} 

j. Helium Tank Sensor Locations 
Fig. II1-1 Conl~nued 
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TSCMF-2 
PCSPTS-2 

(P TS-2 ) 

FUEL 
PUMP 

CSPTS-I 
(P T S-1 ) 

"SCMF-I 

TOP VIEW 

:SPTS -5 
(P TS-3) 

~TSCMF-5 

SIDE VIEW 
I 
~TSCMF-3 

k. Solid-Propellant Turbine Starter Sensor Locations 
Fig. II1-1 Conlinued 
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0 

SPTS 
2 

SPTS 
I 

SPTS 

3 

TSCGA-3 

TSCGA-I 

TSCGA-2 / 

r n  
0 
? 
-4 
== 

0 

=m 
Ot  

I. Solid-Propellant Turbine Startar Conditioning System Sensor Locations 
Fig. II1-1 Continued 
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TFPRS'I AND 3 

S-2 

, . . . A  w ,  

N 

m. Fuel Turbine Sensor Locations 
Fig. II!-1 Continued 
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TOTM-I & 2 - - - ~  

"---q'-,--,-,---m,m m 

I i 

n. Oxidizer Turbine Sensor Locations 
Fig. II1-1 Continued 
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View Looking 
Downstream 

Thrust Chamber Exit 

Oxidizer Pump 
Inlet 

Fuel Pump Inlet 

"SP-1 

"SY-1 

Note: Compression Forces - Positive 
Tension Forces - Negative 

y 
o. Side Load Forces Sensor Locations 

Fig. II1-1 Continued 
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P VI PFCVT 

I f  \ \  ,-~ \ / TFCO'=~"\ II 

m 
[3 

:4 
:0 | 
~4 
O 

OD 
o1  

p. Augmented Spark igniter/Film Coolant Fuel Line Assembly Instrumentation 
Fig. II1-1 Continued 



~D 

TTCT-T4 - 

Hatbands m 

Exit Plane --~ 

Tube 494 

Tube 134 

View Looking Aft 
q. Thrust Chamber Sensor Locations 

Fig. II1-1 Continued 

) ~ T u b e  314 

, m  ]'rCT-T5 

'-- TTCT-T1 and T2 

TTCT-E1 and E2 m 
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To Vent 

POVI 

T O V L ~  

PNODP-1 
TNODP.-1 / 

PTCFJP - v  
r. Customer Connect Panel Smsor kocaUorm 

Fig, II1-1 Continued 
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Stage 
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AE DC-TR-70-16 B 

- - F U E L  PUMP 
(SHOWN FOR 
REFERENCE) 

OXIDIZE 
(SHOWI~ 
FOR RI 

# 

TAI 

~ FUEL PUMP 
(SHOWN FOR 
REFERENCE 
ONLY) 

OXIDIZER PUMF 
(SHOWN FOR 
REFERE_..~.~ 
ONLY) 

CABLE TRAY 

s. Test Cell Ambient Temperature Sensor Locations 
Fi~ II1-1 Continued 
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Loz 

_P~4 
l i t  | 

rol l  

m F~I. 

/ 
// 

H 
; i  / FUEL TANK- LHz 

Pt~ raM( 

F R T - 3  

.i~=~./ "...., 
i i  ".~,, 

7 "%,~.,. 

i I 
! I 

J!  

P O P I - I  

t. S-IVB Battleship Sensor LocalJons 
Fig. II1-1 Concluded 
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A E D C - T R - 7 0 - 1 6 5  

TABLE Ill-1 
INSTRUMENTATION LIST 

Cod__.~e 

ICC 

t IC  

F~SI5-1 

P.~S I S-2 

~ C L  

F~O0 

EEE 

EES 

EBSCO 

EFEVO 

EPPCO 

BFPVC 

EFPVO 

EPUA 

EECE 

EHOTC 

F.IIG?O 

EID 

E I I ~ - I  

EIDA-2 

EZHCS 

E IF'VC 

EXfIVO 

Er~L 

EIICO 

Z~;CE 

EFD- I  

E / ~ - 2  

E ~ V C  

ENFVO 

Er'ovc 

Paramete r  NO__..~. 

C O E ~ e t  w ar~J 

C o n t r o l  0 t o  30 x 

I g n i t i o n  0 t o  30 x 

Even t  

Augmented Spark On/Off  
Z Q n l t e r  1 -,epn~. 

Augmented Snark On/Off  
Z , j n i t u r  2 '. '~.Ek 

Cnginn C u t o f f  r~c~.ln O n / O f f  x 

Engine  C u t o f f  S i g r m l  On/Off  x 

Engine /toady S i g n a l  On/Off  

Engine  S t a r t  Coramand O n / o f f  x 

Progrmtr~ed Ca: ra t ion  C u t o f f  On/Off  

Poet Bleed V a l v e  Open O n / O f f  
L i m i t  

Pool  Pump Ovprspeed On/Off  
C u t o f f  

Fue l  P r e v a l v o  Closed  LLmlt On/Off  x 

Fue l  P r e v a l v o  Onen L i m i t  On/Off  x 

Exp lod ing  B r i d g e  wJ.~e On/Off  
F i r i n g  U n i t s  Armed 

Hel ium C o n t r o l  Solenoid O n / O f f  x 
Energ ized  

Hot r~aa To.Off  Valve  On/Off  
Closed  L i m i t  

Hot r, aa Tapoff  Valve On/Off  
Onen L i n i t  

I g n i t i o n  Detec ted  On/Off  x 

l q n i t i o n  De tec t  O n / O f f  
7~p l  L f i . . r  1 

I g n i t i o n  D e t e c t  O n / O f f  
l ~ p l ~ f i o r  2 

Xdle-~,ode C o n t r o l  S o l e n o i d  O n / O f f  x 
Enerq lzed  

Zdle-t~ode V a l v e  Closed L i m i t  O n / O f f  

I d l a - t ' o d e  Valve  Open L i r t£ t  On/Off  

: la in-Sta~jn C u t o f f  hook£n O n / O f f  x 

. :n in-" ta~jc  C u t r f f  ox~jnul On/Off  x 

; r a in *S tage  C o n t r o l  ~ o l e n o i d  O n / O f f  x 
Energ ized  

l a io  -"=tagd 1 ' ' J~' ' O n / O f f  x 
~ e s a u r i z e d  

.~.Xn 4ta(JO 2 "cOX' "  On/Off  X 
Dep¢essu r l ze4  

Ha in  Fue l  V a l v e  C losed O n / O f f  
Liml t 

Main Fuel Valve Open Limit On/Off 

Halo O x i d i z e r  Valve  C losed  On/Off  
Limit 

D i g l t a l  
rmts  l ~ g r m t l c  0 8 e i l l o -  S t r i p  E v e n t  X-T 

C h a r t  Recorde r  P l o t t e r  

X 

X 

X X 

X X 

X 

X X 

X 

X 

X 

K 

e 

x 

x a 

e 

n 

n x 

n 

a 

n n 

X 

x 

x x 

x 

X X 

X x 

x R 

n 

n 

X 
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TABLE II1-1 (Continued) 

AEDC 
Ced__..~* 

E:I(PTO 

EtIP-I 

EIP-2 

~PCO 

P-~S 

EMSCO 

EMSS 

EO~VO 

EOCO 

F~PCO 

DOPVC 

EOPVO 

EOTCO 

ERASIS-I 

ERRSIS-2 

ESII ' I  

ESI:12 

ES2?,I 

ES2~'? 

ES3.~'I 

ES3"2 

ESM~CO 

ESPTS 

Tap 
P a r a m e t e r  _~o_.. Ran.qe 

t~ain O x i d i z e r  Valve On/Off  
Open Limit 

'tai,1Gtay~ I ' ' 0 , " '  On/Off 
P r e s s u r i z e d  

~lui~ :ta~o ~ "u:" On/Off 
P r e s s u r i z e d  

• J ~ n m ~ L d a L  a~:J~ur~ On/Off 
C u t o f f  Slqnal  

, ~ 4 - ~ t : j e  b ~rc uL~n]l O~OEf 

.:~in-',rl]u ~zu~car,wJ ~ / O f f  
Duration Cutoff 

| lnlu-Dt~Sr: "bert ~ ] e n r  ~t I On/Off 
E n e ~ l i z e d  

O x i d i z e r  B leed  Valve OrJOff 
O~eu Limit 

Observer Cutoff Signal On/0ff 

O x i d i z e r  pv~ep O v e r a w e d  On/Off  
C u t o f f  S i g n a l  

OxLdizer  P r e v a l v e  C losed  On/Off  
L l ~ l t  

O x i d i z e r  P r e v n l v e  Open On/Off  
L i m i t  

FUn1 T u r b i n e  O v e r -  On/Off  
t e m p e r a t u r e  C u t o f f  

Auqmuuted Spa~]¢ Iqnltar On/Off 
1;O, I Snark Rate 

Aualwented S,ark lqniter On/Off 
He. 2 Sear- .Rate 

NO. I So~ id -Pronu l lan t  on /O f f  
TuEbiee  Starter Lx- 
plodinq "ri,1;i .... . 
No. I l~nitor 

NO. 1 S o l i d - P r o P e l l a n t  On/Off  
T u r b i n e  S t a r t e r  Ex- 
plodinq "~-1 " ; ~ ' -  
No, 2 ~4onitor 

J 

N~. 2 S o l i d - P r o p e l l a n t  On/Off  
TurbJn~ S~ar ter  Ex- 
p lod in~ Iri*~*'~'JL'. 
NO. 1 ~ n l t o r  

~U. 2 S o l i d - n r n n ~ l i a n t  On/Of f  
T,rbine Starter Ex- 
nlo~in9 Rr ' ! , :m,Jr~ 
~o. 2 *'nnJtor 

No. ] S o l i ~ - P r o ~ l l a n t  On/Off 
Turhin~ Starter rx- 

qn, 1 " n n i t ~ r  

No. 3 ~ q ] a d - P r o n e l l a n t  O n / ~ f f  
Tur%ine S ~ r t e r  Ex- 
~)e~inq l)rLd,;c,, iro 
NO. 2 ~ o n | t n r  

S~AI1 ^ n n r ~ h  " ~ n i t o r  On l~ f f  
Cutoff 

Soli~-Pron~llant On/Off  
T u r b i n e  Rt~ttor 
I n i t i a t e d  

~ iq i te l  
Data 

S.y.uterl 
! ' ~ g n e t i c  O m c i l l o  S t r i . ~  Even t  X-¥ 

Teoe _~ ~aeh C h e r t  R e c o r d e r  P l o t t e r  

x 

x x x 

x x 

x 

x 

X 

x x x x 

x 

x 

x 

e x 

x x 

x 
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TABLE II1-1 (Continued) 

AI~DC 
Cod__eo 

] ~ S - I  

S IR-2  

ESR-3 

ESTCO 

ETCBC 

KTCIO 

EVSC-I 

EVSC-2 

EVSC-3 

0 r - I  

OF-2 

QF-3 

G~)-I 

OO-2 

( 0 - 3  

F S P - t  

FSY-]. 

LFRT 

LFVY 

LZ/4T 

LOVY 

~ P  

L2qn' 

P&- 1 

PA-2 

PA-3 

D i g i t a l  
Tap ~a ta  Magne t i c  O s c i l l o -  S t r i p  ~ v e ~ t  X-Y 

Parameter  No. L ~ , ~  S ~ t a m  Te___.~.__w ~ C h e r t  Reco rde r  P l o t t e r  

Fven t  

No. 1 S o X i d - P r o . r ~ l l e n t  O n / O f f  x x x 
T u r b i n e  S t a r t e r  Ready 

NO. 2 S o l t d - P r o . ~ e l l a n t  O ~ / o f f  x x x 
T u r b i n e  S t a r t e r  Ready 

No. 3 S o l i d - P r o o e l l a n t  O n / O f f  x x x 
T u r b i n e  F t a r t e r  Ready 

S t a r t  =OK" T imer  C u t o f f  O n / O f f  x 
S i g n a l  

T h r u s t  Cha~lber Bypass  On/Off  x 
Va lve  C losed  

T h r u s t  Chamber B]nsaas On /Of f  x 
Va lve  Open 

V J b r n t l o n  S a f e t y  Countm On/Of f  x 
N o . l  

V i b r a t i o n  ~ a f e t y  Counts  Cm/Of f  x 
Me. 2 

v i b r a t i o n  S a f e t y  Counts  O n / O f f  x 
No. 3 

r i o w ~ ,  ~L~ 

Sng/ne  F u e l  ?FF 0 t o  11.000 x 

r+ . - i no  F u e l  PFFa 0 tO i l , 0 0 O  X x X 

Engine Fue2 PFF 0 t o l l + S O 0  x 

Enqioe  O x i d i z e r  POP O t o  3,60@ x 

Eng ine  O x i d i z e r  POPa 0 t o  3 , 6 0 0  x x x 

Eng ine  O x i d i z e r  POF 0 t o  3 , 6 0 0  x 

k~rceq  r l u f  

S i d e  Load ( P i t c h )  +EO,OOO x x 

S i d e  Load (Yaw) ~20,O0O x x 

P n s L t l o n f  ~ r o e n t  open 

Thz~lst Chamber 0 t o  IS0 x x 
Bypass V a l v e  

Zlain F u e l  V a l v e  0 t o  IS0 x x 

Td le -Hode /&u~aen l~d  0 t o  10O x x 
S t a r k  I g n i t e r  
O x i d i z e r  Valve  

r la in  O x i d i z e r  V a l v e  0 t o  100 x x 

P r o = Q l l a n t  U t l l i z a ~ - i o n  S v o l t s  x x 
V a l v e  

r io t  Gas Tapogg Va l ve  0 t o  10S x x 

~ re8 dUL'U m L~Xa 

T e s t  C e l l  0 t o  0 . 5  x 

T e s t  C a l l  0 t o  1 .0  x 

T e a t  C a l l  O t o  5 . 0  x x 
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A E  D C - T R - 7 0 - 1 6 5  

TABLE II1-1 (Continued) 

AEDC Tap 
Cod..,.....~e P a r a n e t e r  No....=.. Range 

P r e s s u r e ,  puie 

PC-ZP T h r u s t  Chamber CGI 0 t o  1500 

PC- IP  T h r u s t  Chmsber CGle -2  0 t o  1500 

P C - I M ,  T h r u s t  Chamber C ~ I n - I  0 t o  50 

PCSPFS-1 S ~ l i d - ~ z o = e l l a n t  PFS-1 0 t o  5000 
T u r b i n e  Rta~tor 
No, 1 Chamber 

T~SPTS-2 S o l i d - P = o p e l l a n t  f i rS -2  0 t o  5000 
T u r b i n e  S t a r t e r  
NO. 2 Chamber 

PCSPTS-3 S ~ l i d - P r o p e l l a n t  P5'9-3 0 t o  5000 
T u r b i n e  S t a r t e r  
Nn. 3 Chm~bor 

PFBN T h r u s t  C h m b e r  CF3 0 t o  1500 
Rynase ~ 8 n i f ~ l d  

PPCO F i l e  C o o l a n t  CT5 0 t o  2000 
O r i f i c e  

PFCO-L F i l m  C o o l a n t  'CT5 0 t o  50 
O r i f i c e  

PPCVZ F i l m  C o o l a n t  CF7 0 t o  2000 
V e n t u r i  I n l e t  

PFCVI-L F i l m  C o o l a n t  CF7 0 to 50 
Ve~bur i  I n l e t  

PPCVT F i l m  C o o l a n t  CF6 0 t o  2000 
V e n t u r l  T h r o a t  

pPCVT-L F i l m  C o o l a n t  CFG 0 t o  50 
V o n t u r i  T h r o a t  

P P J - I  F u e l  I n ~ e e t l o n  CF2 0 t o  1500 

PF3-1L  F u e l  I n j e c t i o n  CF2 0 t o  50 

PFNI F u e l  3 a e k e t  14ani- CF1 0 t o  2000 
f o l d  I n l e t  

P P N I - L  FUO~ 3 a n k e t  r ~ n l -  CFl  0 t o  50 
f o l d  I n l e t  

PPPBC F u e l  Pu~p K a l a r e e  PF5 0 t o  2000 
P l s t ~ n C a v | t y  

I 
PFPBS ~ m l  P u ~  B a l e r . s .  FF4 0 t o  1000 

P i u t o u  Sumn 

PPPD-1L F u e l  Pump D i s -  PF3 0 t o  50 
c h a c o  

PFPD- IP F u e l  Pump D I s -  PF3 0 t o  2500 
c h a r q e  

F F P I - i  F u e l  Pump I n l e t  PFl  0 tO 2500 

PFPZ-2 F u e l  P~mn I n l e t  0 t o  100 

PFPZ-3 F u e l  Pump ~ n l n t  PP le  O t o  100 

PPPRB F u e l  Pulqp Rear  PF7 0 tO I000  
B e a r i n g  C o o l a n t  

PFP$ F u e l  Pu~p I n t e r -  PF6 0 t o  1000 
u t a q e  

PFPSl F u e l  Pmup Shroud 0 t o  2500 
I n l e t  

Dig i ta l  
Data  r ~ g n e t l n  

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

K 

a 

x 

x 

x 

x 

x 

x 

x 

x 

x x 

x 

x 

O80121o-  S t r i p  E v e n t  X- !  
g r a p h  Cha___rt ~ . o o r d e r  P l o t t e r  

X X 

X 

X 

X X 

X 

X 

X 

X 
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TABLE II1-1 (Continued) 

AEDC 
Cod__~e 

pFTT-Ip  

PPTO 

PFTSC 

PPUT 

PPVC 

PFVZ 

PPVL 

PHEA 

PHE8 

PIIET-IP 

PHET-2P 

PHRO-IP 

PHG~P-I 

PN~DP-2 

POASZJ 

P o A a I 3 - L  

FOiler',4 

POJ-I 

pO-~r-3 

PO3-3 

POPBC 

PO~D-IL 

POPD-IP 

' POPD- 2 

POPl- I  

POPZ-2 

POPZ-3 

POPaC 

POTZ-1P 

• D i g i t a l  
Tap D a t a  

P a r a m e t e r  No...~.Ranqe Systmtt 

P z e a s u r a +  pala 

F u e l  T u r b i n e  I n l e t  TGI 0 t o  1000 x 

Fuel T u r b i n e  o u t l e t  TG2 0 t o  300 x 

F u e l  TurbAne S e a l  TCI0 0 t o  500 x 
C a v / t y  

Fuel  U l lage Tank 0 t o  100 x 

Fuel R e p r e s n u r £ s a t l o n  0 t o  2000 n 
a t  Customer Connec t  
P a n e l  

P~el R e p r e H u : £ z a t l o ~  KflPI 0 t o  2000 
Nozzle I n l e t  

Peel 2 e p r e u u r l z a t i o n  KHP2 0 1:o 1000 
Nozz l e  Throa t  

f l e l i uu  Aeeunmlator 1~3 0 t o  7.40 

llel.l.tm Sup,ply 0 t o  SO00 

Hel ium Tank ~ 1  0 t:o 5000 
-1  

Hel ium Tank NN1 0 t o  5000 
-'4 

Hel ium Regula tor  In2 0 t o  750 
O u t l e t  

Ox id i ze r  Done P u r g e  0 t o  7.40 
a t  Cus tomer  Connec t  
Panel 

O x i d i z e r  Dale Purge 0 t o  1.400 
a~ C u a t ~  Conneat 
Panel 

A u ~ e n ~  S~ark  In3 0 t o  1,4400 
I g n i t e r  O x i d i z e r  
In:)ectLon 

Augmented Spark IO3 0 t o  50 
I g n i t e r  O x i d i z e r  
I n j e c t i o n  

O x i d i z e r  I d l e -Ma le  POI0 0 t~. 2000 
L/me 

O~id /zer  I n j e c t i o n  003 0 t o  1.400 

Ox id i ze r  I n , e a t / o n  CO3a 0 t o  1500 

O x i d i z e r  I n j e c t i o n  C03b 0 to  .400 
Man i fo ld  

O x i d i z e r  Pump B e a r -  POT 0 t o  .400 
l e g  Coolant  

O x i d i z e r  Pump t P03 0 to  50 
DlechKrge 

O x i d i z e r  Pump PO3 0 t o  2500 
D/soha:ge 

Ox/dLzer  P up PO2 0 t o  3000 
Discharge 

O x i d i z e r  Pump I n l e t  POI 0 t o  100 

o x i d i z e r  Pump I n l e t  0 to  10O 

O x I d i z e :  Pump I n l e t  POle 0 to  100 

O z i d l z e r  Pump Po6 0 to  .40 
Prlnmz~ Seal C a v i t y  

O x i d i z e r  Turb ine  TG3 0 to  200 
I n l e t  

Nagnekie O s c l l l o -  S t r i p  Event  X-Y 
T a l e  g : a p h  C h a ~  R e a o r d e r  P i e r r e :  

X 

X X 

X X 
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TABLE II1-1 (Continued) 

^ZDC 
C~e 

POTO-IP 

POUT 

FPTD 

PPTU 

PPUVZ 

PPUVO 

PTCFJP 

PTFJ4 

PTM 

P'SL"N- [,, 

NFP-I 

! ' F P - 2  

NFP-3 

} , ~ P -  1 

HOP- ] 

T & - I  

YA-2 

TA-3 

TA-4 

TECP-IP 

TFDI4 

5TCO 

TFD-&vg o 

TFUFTA 

TFDHFVA 

TPDNOVA 

TFIX)OA 

?FDTDA 

T F J - 1 p  

D i g i t a l  
Tap Data  

P a r a m e t e r  No_~. Range Sys tem 

F r e s s v r e .  ~a~e 

O x i d i z e r  T u r b i n e  TG4 0 t o  I00  x 
O ~ t l e t  

O x i d i z e r  U l l a g e  Tank 0 t o  100 x 

P.~otocon C o o l i n g  0 t o  100 x 
Water  (Dovnatream) 

Photocon c o o l i n g  0 t o  100 x 
Water (Upstream) 

P r o p e l l a n t  U t i l i z a -  1=O8 0 t o  2000 x 
t i o n  V o l v o  I n l e t  

P r o p e l l a n t  U t i l t z a -  PO9 0 t o  1000 x 
t~on V a l v e  O u t l e t  

T h r u s t  Chan~er  F u e l  0 t o  200 x 
3 a o k e t  P u r g e  

T u r b i n e  E x h a u s t  TGS 0 t o  50 x 
M a n i f o l d  

Y a p o f f  P ~ n i f o l d  GG2b 0 t o  1500 x 

TapofE ~ tan l£old  GG2b 0 t o  50 x 

~4.~v.ar r jm  

Fue l  Pump PPV 0 t o  33,0~0 

Fue l  Pump PPV 0 t o  33,000 x 

F u e l  Pump pP7 0 t o  33p000 

Oxld lze~r  Pump POV 0 t o  12,000 

O x i d i z e r  Pump pOV 0 t o  13.000 x 

D x l d i z e r  Pump POV ~ tO 12,000 

T o m ~ o r a t u r e s f  OF 

T e s t  C e l l  N o r t h  -S0 t o  000 x 

T e s t  C e l l  E a s t  -50  t o  800 x 

T e a t  C e l l  South -50  t o  800 x 

T e s t  C e l l  Heat  -S0 t o  800 u 

E l e c t r i c a l  C o n t r o l  HSTla -300 t o  200 x 
Assembly 

Fue l  Bypa. ss ~ a n / -  -425  to  100 x 
f o l d  

F~lm C o o l a n t  l r T l  -425 t o  375 x 
O r i f i c u  

FAre D o t e o t l o n  0 t o  1000 x 
Average  

FAre D e t e c t  F u e l  0 t o  500 x 
T u r b i n e  Pksn£- 
g o l d  Area  

F i r e  D e t e c t  ~tain 0 t o  500 x 
Fue l  V a l v e  Area 

FAre Detect Na£n 0 to 500 x 
O x i d i z e r  V a l v e  
Area 

FAre D e t e c t  O z l -  0 t o  S00 x 
d t z e r  Dome Area  

F i r e  D e t e c t  T a p -  0 t o  S00 x 
O f f  Duct  A r m  

Fue l  I n j e c t i o n  .CT~2 -425 t o  x 
- 300  

N a g n e t l c  O s o I l l o -  S t r i p  L~Fent X-T 
Tape g r a p h  C h a r t  R e c o r d e r  P l o t t e r  

X 

X 
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TABLE II1-1 (Continued) 

AEDC 
Code 

TFJ-2P  

TFPBS 

YFPD-IP 

TPPD-2P 

T I E D - 3  

TFPD-4 

q T P I - I  

q'~P3-2 

YPPRS-I 

TFPRS-2 

YPPF.5-3 

, . ,p-T-I 

TPRT- 3 

TFTI - 

~FT~ 

?FVC 

TFVT, 

.~ '~VS- l 

Tr|PV.~- 2 

q~4OVF 

TIgODP-1 

YNOOP-2 

TO~t.~, 

Yt".3 

TOPBC 

TOPDF 

TOP~-IP 

TOPD-2P 

Yap 
P~_rE=e__t_er_. No.._:. ~anqe 

TuuLJeratuze s r OF 

F u e l  l n ~ e c t l o n  CFTga - 4 2 5  t o  100 

F u e l  Pump n a l -  P1~4 - 4 2 5  t o  - 3 7 5  
a n t e  P i s t o n  
sump 

F u e l  Pu~o D I s -  PFTI - 4 2 5  t o  - 3 0 0  
c h a r g e  

F u e l  Pump D i s -  PFTI - 4 2 5  t o  100 
c h a r g e  

F u e l  Pump PF3 - 4 2 5  t o  - 3 0 0  
D l s c h e ~ e  

F u e l  Pump PF3 - 4 2 5  t o  I 0 0  
D i s c h a r g e  

Fue l  Pump I n l e t  XFT2 - 4 2 5  t o  -400  

v;e l  P . ~ .  I ~ l e t  KFT2a - 4 2 5  t o  100 

~ u - l  Pump " e a r  - 4 0 0  trP 1(1100 
Rulw)or t  

F u e l  Fume Rear  - 4 0 0  t o  1Re0 
. q u i t  t 

Puo.1 Pump ~eur  -4(10 t o  1800 
S~llrc~r t 

r i l e ]  ~'lh 'rnnk - 4 2 5  tO - 4 0 0  

F u e l  Pun Y~nk - 4 2 5  t o  - 4 0 0  

P,,^] ~ , l r b£co  YC~TI -3f10 t n  24'10 
T n l e t  

F . o l  " , . - h l . e  - 1 0 0  t o  1200 
twiitP 1 .  t *' 

Fu~I ,,o,)rc31,urlu'~t$cn -3no  t n  -}nO 
a t  C i Iq t~m~r  
C~nq(.et  Pane l  

Puo l  I~olq?'nqq. KI;PT! - 3 n 0  t o  - 1 0 0  
I~Z~] e Tn]p t  

I1~1~,~ ~ .  N~TI -20 t l  t~  30~ 

• :.,tfn r u e )  V~lq.~ - 4 2 5  t e  100 
.q':~n IO l t t o r  
. ' 1 1 }  

" s i n  F u e l  ~t.~lve - 4 2 q  t n  100 
,~" i,1 (~nn~r 
tqnl l )  

Na~n O x i d i z e r  - 3 0 0  t e  10(1 
V~lve  ueu~r .um 
F l a n n e  

n,:idlz@r Dn,~n - 2 5 0  t o  2(10 
P~rq~.. 

~ x i d l z o r  Drr~ -25(1 ~.o 200 
Pur~ ~ 

~ x i d ~ z e r  l o l l ,  " -  POTS - 3 0 0  LO ~00 
"q~de L i n e  

O x i d i z e r  COT1 -3fl(1 t o  1200 
I n l e C t £ O n  

O x i d i z e r  pum,n PO~4 - 3 0 0  t o  100 
B e a r i n g  C o o l -  
u n t  

Oxid£zo r  Pump • - 3 0 0  t o  100 
D i s c h a r g e  
F l s n a c  

0 x i ( t i z c r  Fume POT3 - 3 0 0  t o  - 2 5 0  
D i s c h a r g e  

O x i d i z e r  Pt~p p(yr3 "300  t.O 100 
D i s c h a r g e  

n i g i t a l  
Data  ~ t � e e t l c  O u c l l l o -  S t : I p  ~ r t t  X-Y 

. T a p e  ~ C h a r t  R e c o r d e r  P l o t t e r  

X X 

X 

S 

X 

X 
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TABLE II1-1 (C0nl~nued) 

~RDC 

"O PV.q 

TOP7-1 

.'W~7- 2 

T~ST-I 

T~RT- ] 

~ Y ~ I - I P  

• "T~T,- Ip 

?PIP-IP 

~PT[I 

"SC C.~ - 1 

TS ~ - 2 

TSCc~-] 

TSC~F-2 

T~MP-3 

5~Cp 

TTCT-EI 

TTCT-E2 

TTCT-TI 

T~CT-T2 

TTCT-T3 

TTCT-T4 

Tap 
P n r a ~ e t c r  No____. 

• u ~ . : r a t u r u %  °1' 

o x i ~ t z e ,  p u n  -200  tm 100 x 
~ l u t e  S k i n  

~ x i d t z e r  Pumn KOT2 - 3 1 0  t o  -2q0  x 
T n l e t  

~ i d i z e r  eump KOT2A - 5 1 0  t o  100 
l n | e t  

~ i d i z e r  ~un -300  t ~  - 2 8 5  X 
T~n~ 

n x i d i z e r  Run - 3 0 0  t o  - 2 8 5  x 
~n~ 

r~xidixnr  ~ir- TGT3 0 t o  1200 x 
hine I n l e t  

O x i d i x e r  T u r -  - )SO t o ' 1 0 0 0  x 
b i n e  : ~ n x f o l d  

O x i d i z m r  ~ : r -  - 300  tO 1000 X 
h i n t  V ~ n i ~ o l d  

O x i d i z e r  T u r -  TCT4 0 t o  1000 x 
bine O u t l e t  

InstrumentAtion - 300  t o  200 x 
~qmkagA 

Phntocon C o e l i n ~  0 t o  300 
H a t e r  
( u - a t r e a u )  

~ n l l ~ - P r u n e l l a n t  - 1 0 0  t o  300 x 
TurhznA Start- 
er ~n.  I Cond. 

S o l ] ~ - P r o p c l l a n t  - 1 0 0  t o  300 x 
? c r h i n o  Start- 
- r  ~0. 2 Cn~d. 
~q 

q n l t ~ - P r n o ~ ) l ~ n ~  - 1 0 0  t o  300 x 
T,)rhlno S t A r t -  
or  Re. ) Cnn~. 
~as 

S n l i d - P r o p e l l a n t  0 t o  ~150~ x 
T u r b i n e  s t a r t e r  
C-~e r 'e l |n t  
P l xnqe  

q ~ l | ~ - P r o o o l l e n t  0 t o  1500 x 
q~trhine Starter 
C.~se l~unt 
FIa~A 

S o l i d - P r o p e l l a n t  0 t o  1500 x 
T u r b i n e  S t a r t e r  
Cnao ~ u n t  
F l a r ~ a  

T h r u q t  ,L"haml~r - 2 5 0  t o  200 x 
P u r g e  

T h r u e t  Chamber -425  t o  5fl0 x 
Tube ( E x i t )  

Thrust Chamber -425 to 500 x 
Tube ( E x i t )  

T h r u s t  Chamber - 4 2 5  t o  500 x 
Tube ( T h r o a t )  

Thrust Chamber -425 t o  500 x 
Tube (Throat) 

T h r u s t  Chamber - 4 2 5  t o  500 x 
Tube ( T h r o a t )  

T h r u s t  Chamber - 4 2 5  t o  500 x 
Tube ( t h r o A t )  

n l q l t e l  
Da ta  ~Aqne t i ¢  n a e i l l o -  s t r i p  E v e n t  X-Y 

S v q t e n  ~ _ _  ~ ChArt  R e c o r d e r  P l o t t e r  
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TABLE II1-1 (Concluded) 

NEDC Yao 
, Cod..ee Parameter  No_..~. Range 

q ~ r ~ m r a t u r a s ,  oF 

TTCT-T5 Tht~st Chamber -425  t o  S00 
Tube (Throat)  

T~.4 Tapoff ~3n~fo~d 0 t o  2000 

UOPR 

UTCD-I 

[WCD-2 

UTCD-4 

LWCY-I 

U I~?-2  

VCD 

VIB 

V I D R - I  

V/DR-2 

VPUVEP 

Peal: V t ~ ¢ : t i o n g ,  

O x i d i z e r  Pump PZA-2 300 

T h r u s t  Chamber PZA-Za 712 
Dome 

. 'hz~s t  Chamt~r PiSA-2 212 
~JorJQ 

T h r u s t  Chamber PZA-]  21 ? 
Dome 

T h r u s t  Chamber 1490 
Dome 

ThrUSP. Chamber 300 
ThL~oat 

T h r u s t  Chamber 3(10 
T h r o a t  

V~l te ,~a,  v 

C o n t r o l  BUS 

Z q n i t L o n  BUS [ 

I g n i t i o n  Dotec t  
A r ~ . l i f i e r  

I g n i t i o n  De tec t  
r~p. l i f i e r  

P r o p e l l a n t  U t i l i za -  
t l o n  Va l ve  5~ lem-  
e t r y  P o t e n t i m l -  
etor Excitat ion 

0 t o  36 

0 t o 3 6  

9 t o  16 

9 t o  16 

O t o S  

D l g L t a l  
Data Magne t i c  0s¢£11o-  s t r L p  mvent  x-Y 

C h i r r  Recorder  P l o t t e :  
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APPENDIX IV 
POWER SPECTRAL DENSITY WAVE ANALYSIS 

The characteristics of a time-history signal can be described as being random, 
periodic, or a combination of random and periodic. These characteristics can best be 
understood if represented by some measure of the spectral characteristics for the signal. 
The spectral characteristics for any signal may be displayed as an amplitude versus 
frequency plot, called a frequency spectrum. The frequency spectrum for a periodic 
signal consists of discrete amplitude components at specific frequencies having a common 
multiple. The frequency spectrum for a random signal is continuous with response 
amplitudes possible in any frequency interval but with no discrete components at any 
specific frequency. Therefore, the frequency spectrum for a random signal must be 
presented in terms of a continuous spectral density versus frequency plot. 

The most meaningful spectral density function is a density function measured in 
terms of mean-square values per unit frequency. Such a function is called a power 
spectral density function. The frequency spectrum produced by plotting a power spectral 
density function versus frequency is called a power spectrum. 

The power spectral density is mathematically defined as 

Gy(f) ffi lim lim 1 [ ~  T t] 
T-,co Af-.o (Af) T y2Ai (f,t) d 

(IV-l) 

where y2Af(f,t) is the squared instantaneous amplitude of the signal within the narrow 
frequency interval from f Hz to f + Af Hz. 

The electronic equipment processes necessary to produce the exact mathematical 
operations required for the power spectral density equation are not possible since 
infinitely long averaging times (T) and infinitesimally narrow frequency intervals (Af) are 
physically impossible to obtain. A power spectral density function for a stationary 
random signal y(t) may be approximated as 

A 1 T y2 (f) B Gy (f) ffi - - ~  of y2L B (f, t)dt = ~ (IV-2) 

where y~(f) is the mean-square value of the signal within a narrow frequency of  f Hz, 
and T is a finite averaging time in seconds. Equation (IV-2) is mechanized by the wave 
analyzer as shown in Fi& IV-1. 

The approximations made in Eq. (IV-2), although inherent in a practical 
measurement system introduce a measurement uncertainty or statistical variance. This 
uncertainty can be predicted to a 67-percent confidence level by the formula 

l 
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where 

and 

• is the standard error, 
B is the effective filter bandwidth, 
T is the integration time = 4K 
K is the time constant of the 

averaging circuit. 

Fcr the data analyzed with a 10-Hz bandwidth and a time constant of 1 sec, 
the standard error is 

f = 

~/(10) (4) (1) 
= 0 . 1 5 8  = 1 5 . 8  p e r c e n t  

This would produce a power spectral density plot with 67 percent of the points falling 
within 15.8 percent of the true yalue. 

At this point~ it is obvious that a tradeoff must be made when determining data 
reduction requirements. A large averaging time, T, would tend to allow a smaller error. 
However, the larger T is made, the longer is the time necessary to produce a single plot. 
Again, the larger B is made, the smaller e becomes. This, however, leads to problems in 
frequency resolutions. Also, since in the power spectral density plot one must divide by 
bandwidth, a large bandwidth reduces the signal peaks while increasing the width of the 
pulse. If care is ;tot taken, the data could be overlooked entirely. 

Power spectral density analyses presented in this report were made with various 
. bandwidth f'dters. The values of these f'flters and the associated standard error are 

summarized below: 

Bandwidth, Standard Error, Frequency Range, 
Hz percent Hz 

10 15.8 10 to 5OO 
50 7.1 500 to 10,000 

1 0 9  
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I. MAIN-STAGE PERFORMANCE 

A. Propellant Flow Rates 

Oxidizer 

do = KI K2 p (flowmeter output, Hz), lbm/sec 
Kt =!/5.5, gal/cycle 
K2 = !/7.48, cu ft/gal 
p = p (TOPD, POPD), lbm/cu ft 

Fuel 

Jr 
K 
K2 
P 

Total 

= K K2 P (flowmeter output, Hz), Ibm/sec 
= 1/2.0, gal/cycle 
= 1/7.48, cu ft/gal 
= p (TFPD, PFPD), lbm/cu ft 

Wt = Wo + ~/f 

Mixture Ratio 

MR = do /~f  

Vacuum-Corrected Thrust 

Fev = [193.73 + 3.34 (MR)] Pc + Pa Ae, lbf 

where 

Ae = 4643.3 sq in. 

Vacuum-Corrected Specific Impulse 

lspv = Fev,/Vvt, lbf-sec/lbm 

Characteristic Velocity 

B. 

C. 

D. 

E. 

C* 

where 

A* 

= PcA*g/wt, ft/sec 

= 117.1 sq in. 
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C e n t e r  

13. A B S T R A C T  

F i v e  f i r i n g s  o f  t h e  R o c k e t d y n e  J - 2 S  r o c k e t  e n g i n e  were  c o n d u c t e d  i n  
R o c k e t  D e v e l o p m e n t  T e s t  C e l l  ( J - 4 )  o f  t h e  E n g i n e  T e s t  F a c i l i t y  on J u l y  
17 and 29,  1969 .  T h e s e  f i r i n g s  were  a c c o m p l i s h e d  d u r i n g  t e s t  p e r i o d s  
J 4 - 1 0 0 1 - 0 4  and  J 4 - 1 0 0 1 - 0 5  a t  p r e s s u r e  a l t i t u d e s  r a n g i n g  f rom 8 5 , 0 0 0  t o  
1 0 1 , 0 0 0  f t  a t  e n g i n e  s t a r t .  The p r i m a r y  o b j e c t i v e s  o f  t h e s e ,  t e s t  
p e r i o d s  were  t o  (1) d e t e r m i n e  i f  m a i n - s t a g e  c o n d i t i o n s  wh ich  e x i s t e d  
d u r i n g  s e a - l e v e l  t e s t i n g  o f  e n g i n e  S/N J - 1 1 3  wou ld  r e s u l t  i n  s i m i l a r  
a b n o r m a l  o x i d i z e r  dome v i b r a t i o n s  i n  t h e  4400-  t o  4700-Hz f r e q u e n c y  
r a n g e  d u r i n g  a l t i t u d e  t e s t i n g  o f  e n g i n e  J - 1 1 2 - E ,  (2) e v a l u a t e  h i g h  
t h r u s t  i d l e - m o d e  o p e r a t i o n  w i t h  a s i m u l a t e d  f u l l - f a c e  o x i d i z e r  f l o w  
i n j e c t o r  c o n f i g u r a t i o n ,  and (3) document  e f f e c t s  o f  c l o s i n g  t h e  t h r u s t  
chamber  b y p a s s  v a l v e  d u r i n g  h i g h  t h r u s t  i d l e - m o d e  o p e r a t i o n .  A l t i t u d e  
t e s t i n g  d i d  n o t  r e s u l t  i n  a b n o r m a l  ( g r e a t e r  t h a n  100 g rms)  o x i d i z e r  
dome v i b r a t i o n  i n  t he  4400-  t o  4700-Hz r a n g e  d u r i n g  t e s t  p e r i o d  04.  The 
t h r u s t  chamber  b y p a s s  v a l v e  c l o s i n g  r e s u l t e d  i n  a 6 5 ° F  i n c r e a s e  i n  f u e l  
i n j e c t i o n  t e m p e r a t u r e ;  h o w e v e r ,  s t a b i l i z e d  h i g h  t h r u s t  i d l e - m o d e  
o p e r a t i o n  was n o t  a t t a i n e d  d u r i n g  t e s t  p e r i o d  05.  

T h i s  document  i s  s u b j e c t  t o  s p e c i a l  e x p o r t  c o n t r o l s  and  e a c h  
t r a n s m i t t a l  t o  f o r e i g n  g o v e r n m e n t s  o r  f o r e i g n  n a t i o n a l s  may be 
made o n l y  w i t h  p r i o r  a p p r o v a l  o f  NASA, M a r s h a l l  Space  F l i g h t  
C e n t e r  (PM-EJ),  H u n t s v i l l e ,  Alabama 35812 .  
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